Table 7-2. Environmental Data for Alternative Route Evaluation
Sand Lake—Solstice 345 kV Transmission Line Project

 Atemative Route Number 7 7w | o | o 83 85 | " !
Lengh of atematve rote 268345] 283089 292138] 208151, 282637  263997|  278739| 287,789, 203801,  278.287| 288,325’
Length of route parallel 1o existing electnc ransmission ines | T7es| ateas 49,3@4[ 34 1) e2an, 18074 a17e8|  ssoaal 44309 72,520 22 1v7i
Length of route paraliel to rairoads 0 0 [ [ [ 0 [ 0 0 0 0]
Length of route paratlel 1o exssting public roadshighways 16481 15673 20828 21632] 15673 16481 15673 20823 21632 15673] 26207
Length of route parallel to pipsiines* 13,287 13,297 17599 17500 175% 13811 13811 18173l 1870 18,173 11,667
Length of route parallel to apparent property boundaries T 51,080 53788 31072 28364 28364 2514 45222 22507] 19798 19,708 13405
Total tengtt of route parallet b axisting compatible rights-of-way 68,430 84,054 92723]  77.100 99,352 70014]  ssga 94307 786683 100935 54603
"Number of habitable structures within 500 fast of the route centerine® 2 2 2| 2! 2 2 2 2 2 2 2
Number of parks of recreational arsas withn 1,000 feet of the routs centerine® T [ 0 o} 0 o e 0 [ o o o
Length of the route across parks fecreational areas o 0 o 0 0 0 0 0 o o o ol
“Longth of route through commercalindustnal areas 12,038 12315 125500 12,704 12759 173 12,016 12202 12406 12461 14237
Length of the route across croplandhay meadow 1.233 1,235 1233 1233 1,233 1,233 1,233 1,233 1233 1,238 1233
 Length across rangsland pasture e 22845 248420 258762| 256425, 251641 220182]  240046] 250479 28042 243358] 249811
Length of route across cropland with mobile ingation systems® 0 0y ol o 8
Langth of route across upiand woodands o g; 0 o o
19,108 17548] 20178 15005 25328
o1 2012! 5,526 o4 543
Number of stream crossings by the route 13 13 121 12 12 12
Length of route paraliel to streams (wiin 100 feetl 201 201 ol o! 0 201
| ponds o - e 83 [ & 8 e
Number of known rare/unique plant locations within the nght-of-way e T e T . B T 3
1| Length of route through known habtat of endangered or freatened species 10,592 10532 10532 10532 1053 10532 10,502 10552, 1053 10,532 95
Number of recorded cultural resource sites crossed by the route 1 1 1 1 1 1 1 1 1 1 1
Number of recorded cultural resources within 1 000 feetof the route centersne _3] 3 3 3. 3 3 3 .3 3 3 5]
Length of route across areas of high archaeologicabhrstorical site potential o 65743 68600 64 701 61835 64,701 ces08| 67274 63366 60500 63366 90,034
Number of private airsinps withm 10 000 feet of the route centerine o 0 o 0 o] T T o T T ol 0 T
ﬁumberof FAA-registerad arports with at least one runway more than 3,200 teet in length within 20 000 feet of route centerline 1 I _T i 1 1 1 Al o ’1- 0
N;;mber of FAA-registered airports with no runway greater than 3,200 feet in length within 10,000 feet of the route centerline 0 0 0 t 0 0 0 [
Number of heliposts located wathin 5 000 feet of the route centerline B 0 0 0 0 0 0 o
“Numbet of AM radio located within 10 000 feet of the route centerine B 0 0 o I3 0 0 0 0
Number of FM, and other slectronic Witin 2 000 fee! of the route centerine 1 3 3l s ' 1 3 3 3 o
Number of U S or State Highway crossings by the route . . I I ) T g - 3 - 32 3 o9 H - .._...,.3.}_ - 3 3 3
Numiber of Fanm to Market (F M) county roads, or other street crossings by the route 1 11 11 ] 8 8 kR 11 i 8 8 8 8
"Estmated fength of nght-of-way wittvn foreground visual zone of U'S_and State Highways T oat1e] a3 23,119; 23119 23119 23119 23119] 23118 23119 23,119 16,896
Estimated isngth of nght-of-way within K d visual zone of p areas i o 0 Q f 01 0 0 0 o o 0 0

Note: All length measurements in feet  All inear measurements were obtained from the National Agncuitural imagery Program digital ortho imagery flown in 2016-2017 with the exception of areas of high
archaeological/historical site potentral which were measured from USGS Topographic Quadrangles The aenal photograph has a provided accuracy of +/- 30 feet 'Structures normally inhabited by
humans on a daily or regular basis Habitable structures include but are not imited to a single-family and multi-family dwellings and refated structures, mobile homes, apariment buildings, commercial
structures, industnal structures, churches, hospitals. nursing homes, and schools 2Defined as parks and recreational areas owned by a governmental body or an organized group, club, or church
3Believed to be systems no longer in use

* - Not included in length of route paraltel to existing compatible nghts-of-way
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Table 7-2. Environmental Data for Alternative Route Evaluation

Sand Lake—Solstice 345 kV Transmission Line Project

Altemative Route Number 9 2 8 - M 95 96 7 1 98 99
Length of altemative route 294 337 278 823 287 034 301,777 310,826 316,839 301,325 282,685, 297 427 306 477 312,489 !
Ler ; ra[lgtlo axisting efectnc ransmission lines 8,393 36 604 R 4386 18,110 44 345‘ 30,621 58,832 1‘,5351’ :2? é%g :j,;&i, _ 40 770‘
Longth of route paralleito miroads 0 0 0 0 0 0 0 0 0 o ]
Length of route paraliel to existing pubiic roadshighways 27,036 21077 20,723 19914 25065 25873 L. 20,723 19914 25,065 25873 !
Length of route parallel to pipelines® 116671 11667 €129 4120 a4z sdm 4708 9 066 9,066
Length of route paraliel to apparent properly boundaries | 10e97] 10697 39nm 42040 1924 33474 10,758 8,050,
Total length of route paraliel 1o existing compatible rights-of-way | se0s9] 6132 57385 73,008 81,678 74592 83.261] 67,638
Number of habitabie structures within 500 feet of the route centeriine' } 2, ; 2 2 2 2 2 y
Number of parks of recreational areas within 1,000 feet of the route centerline? ] OW 0 o o TR 0 0 0 0,
Length of the route across parks/recrsational areas e | o 0 0 j 0 0 [ 0
Length of route through commercalindustnal areas B e 14441 14,496 13,861 143—23 L‘EL, _ 14 13 562 13,839 14 025 14,229
Length of the route across cropiandhay meadow 1233 o123 1,233 1,233 1,233 1,233 1,233 1233 . 1.233 1,233 1233
Length across rangsland pasture 249 474 242,690 242,815 262,780 273,113 272776 265,992 234 533 254,457 264 830 264,493
Length of route across cropland with mobile irngation systems’ Q 0 ] 0— T o “; —0~ T '""T o 0 o 0
Length of route across upland woodlands 0 0 B o o o 0 0 0 2 0 0
Length of route across riparian areas —— 23913 18,739 ‘ 23,811 21826 20265 V*WZE,-BQEi 17722 28,043 26058 24,497 ;_1-2;
Length of route across potential wetiands 5.207 1595, 5243 1,729 1822 5 336 | 1,725 5243 1729 1822 5,336
Number of stream crossings by the route o 37 37 ) 36 36 .35 o SS'L 35 35 35 34 34
Length of route paralle! to streams (within 100 feet) 1788 2,115 1914 1914 1.914 2115 2,115 1914 1,914
_Length across lakes or ponds (open walers) 70 70 70 70 70; 70 70 70 70
ﬁumber of known rare/unique plant locations within the nght-of-way : I B 5 1 1 1 1] 1 B T'ﬁ o 1 I 7717
1. Length of oute through known habitat of endangered or fireatened spscias 95 95
Number of recorded cultural resource sites crossed by the route . 0 0
Number of recorded cultural resources within 1,000 feet of the route centerline
Length of route across areas of hugh archaeologicabistonical site potentat
VE”L“]L" Bl’prlvalt arstnps within 10 000 teet of the route centerine T
’Numbor of FAA-registerad airports with at least one unway more than 3,200 feet in length within 20 000 feet of route centeriine
Number of FAA-registered airports with no runway greater than 3 200 feet in length y{nhwniro,roz)i(l?oeit 61 t;e route centerline
Number of hetiports located within 5 000 feet of the route centerine
&um’bﬂ o(- o __v_“;M v;dlo located wilhin 10,000 feetof the route centertine P
“Number of FM, microwave and ofher slectionic Installations withn 2 000 fest of the route centerine -
NuTnb.v;UiSi ;Elau Alghway crossings by the route T T
Number o Fam to Matket (¥ M ) county roads, or other streetcrossings by he route B e ) I
Estimated length of nght-of-way within foreground visual zone of U'S and State Highways e T i 1“6“6—9“6 B 16:1;;6-' B —1 7‘,’(7& o “1 7| 145 | 17,145 17 145}
_Estmated length of 1gft-o way wiin foreground viual zone of p i arezs 0 R il o 0 o o 5

Note: All length measurements in feet  All inear measurements were obtained from the National Agricultural imagery Program digital ortho imagery flown in 2016-2017 with the exception of areas of high
archaeological/historical site potential which were measured from USGS Topographic Quadrangles The aernal photograph has a provided accuracy of +/- 30 feet 'Structures normally inhabited by
humans on a daily or regular basis Habitable structures include but are not limited to a single-family and multi-famity dwellings and related structures, mobiie homes, apartment bulldings, commerciat
structures, industral structures, churches, hospitals, nursing homes, and schools 2Defined as parks and recreational areas owned by a governmental body or an organized group, club. or church

*Believed to be systems no longer in use

* - Not included in length of route paraliel to existing compatible nghts-of-way
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Table 7-2. Environmental Data for Alternative Route Evaluation
Sand Lake—Soistice 345 kV Transmission Line Project

Afternative Route Number 100 104 102 103 104 105 108 ' 107 | 108 | 109 110
Length of altematve route 206975 346067 344022  ase764| 328391 247648|  345608] 360345, 520072 286132] 300,674
Length of route paraﬁei 1o existing electnc transmission tines. 68,981 627703: 28,227 41951 64.257 62,703 28227 417.951; 64,257 4,386 18110
Length of route paralie to raroads o 0 3 ° 0 0 of o 0 o 0
Length of route parallel to existing public roadshighways T e 11762; 20728 19,914 11762 11,762 207230 19914 11762 20723 19014
Length of route paralel to pipslines” 9 066 4207 4,207 4,207 4207 4207 4207] 4207 4207 4129 4328
Length of route parallel to apparent property boundaries T a0s0 58,235 32813] 35521 32813 58,235 32813 35521 32813 39,332 42 040
Total tength of route parafiel o existing compatible rights-of-way _ 89,890 125,644 74,707 90,331 101,777 125 644 74,707 ! 90 331 101,777 57 385 73,008
Number of habitable structures within 500 fest of the route centerime’ o 2 2 2 2 2 2 2 2 2 2 2
Number of parks ot recreational areas within 1,000 feet of the route centeriin . 0 0 B ‘0_ pr 0 0 T 0 0 o 0 0
Length of the route across parks/recreational areas 0 0 0 0 0 0 0 [ o 0 0
Length of route through commercislindustnial areas 14204 14238 14615 14893, 14225 14193 14,570 1aea7 14178 13608 13,885
Length of the route across croplandmay maadow Tt288] 1289 1233, 12931 1,208 1233 1,233 1293, 1233 1,208 12331
I Length across rangetand pasture o 257709] 283944 280.100] 309073 277,546 285346{  200,510] 310475 278947 241941) 261905
Length of route across agnicultural cropland with mobile ungation systems® e 0 [} 0 o [) 0 [} o ol [ o
Length of route across upland woodiands _ o . 9, 0 9] 9 of 9y Y 4 9 4
Length of route across riparian arsas - 21954 d0474| 32728 30741 smse aw69; a2os2]  30ses  s27e7 24037 22,051
Length of rolte across potential welands 1 ams se72, 5268 2,75 2,763 s972! 6268 2754 2763 _ 5243] 1729
Number of stream crossings by theroute L P 54 36 36 36 40 36{7 36! 36 40 ____ 38| 36
Length of route parafielto streams (within 100fest) 1914 2452 2874 2,374 2,699 2452 2374 2314 2,699 2115 2,115
Length across iakes or ponds {open waters} e e 70 205 70 L] . 205 0 .10 N 82 70 70
77 Number of known rare‘ureque piant locatons within the nght-of-way - 1 2 R 1 2 R T [l 1
1. Length of route through known habitat langered or threatened species 95 95 95| 95, 95 95 95 95 95 95 95!
©  Number of recorded cultural rtsoq;é;sims crossed by the route T 0 0 0? 01 1 0 0 0 T o [
Number of recorded cultural resources withn 1,000 fest of the routs centerine 3 3 sl 3 4 3 8l 4 3 3
Length of route acioss areas of high archacologica istorical sis potental 83,688 80.877 83743 80,378 88688 80877 83743 89,378 2] ovne]
Nurmbe rsinips within 10,000 feet of the route Genterine . - |
RN’umblrol FAA-registersd airports with at least ane runway more than 3,200 feet n length within 20 00C fest of route centerline R i
Number of FAA-registered airports with no runway greater than 3 200 feet m length within 10 000 feet of the route centerfine '
60 withn 5,000 fewt of the route centerine X o
um focated within 10,000 fest of the route centeriine
Number of FM, microwave and otfer elctronic installations within 2 000 fest of the route centerime
Numbev ;)1 l’)‘é;y State Highway crossings by the rol‘Jl‘e‘ T T o B
Number of Farm to Market (F M) _county roads, of other sireet crossings by the routs
Estimated length of nght-of-way withn foreground visual zone of U'S and State Highways o 27005 17a4s] 17,145
_Estimated length of nght-of-way within yround visual zone of al areas : : B T o 0} 7 :___ R 0

Note: All length measurements in feet  All inear measurements were obtained from the National Agncuitural Imagery Program digital ortho imagery flown in 2016-2017 with the exception of areas of high
archaeological/historical site potential which were measured from USGS Topographic Quadrangles The aenal photograph has a provided accuracy of +/- 30 feet 'Structures normally inhabited by
humans on a daily or regular basis Habitable structures include but are not limited to a single-family and multi-family dwellings and refated structures, mobile homes, apartment buildings, commercial
structures, industnal structures, churches, hospitals. nursing homes, and schools 2Defined as parks and recreational areas owned by a governmental body or an organized group, club, or church
Believed to be systems no longer in use

* - Not included in length of route parallel to existing compatible nghts-of-way
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Table 7-2. Environmental Data for Alternative Route Evaluation
Sand Lake—Solstice 345 kV Transmission Line Project

:Altsmaﬁve Route Number 11 | 112 1 M3 114 15 ;. 116 17 18 ¢« 118 | 120 121
Length of altsrnatie route a0ua4| 31583 s004z2] 281782 206524 Q05574]  J11567) 206072 288856 204868| 270,054
Length of route paralie! o #xisting slectric transmission lres 4434s|  soe2 ssa 14535 28250 54494 sw70|  esgm 28503 12,779 40990
Length of route parallel to rairoads 0 o [ 0 0 ° 0 0 [} 0 0
Length of route paraliel to existing pubic roadshighways 25 055; 25,873 19.914 20,728 19914 25,065 25,873 19,914 25 065 25873| 19914
Length of rolte paraliel to pipelines” - 8492 8492 8492 4,703 4703’ 9066 9,086 9,066 11,634 116341 11,634
Length of route parallel to apparent property boundaries 19324] 16518 16616, 30766 3474 10758 8,050 8,050 13405 10807 10697
Total length of route paraliet o exishing compatible nghts of-way B1G78] 6605 88307,  58ges| 74502 sazet|  676aB| 8980 579%6  42293] 64545
Number of habitable structures within 500 feet of the route centerine* 2 2 2] 2 2 2 2 2 2

_ Number of parks or recreational areas within 1 000 fest of the route centertine? 0 ) o, 0'\ 0 a [ 0 4
Length of tha route across parks recreational areas . 9 [ 0] o 0 o [ 0 0
Length of route thraugh commercibinaustnal arsas 14,670 14274 14320] 13309 13586 13772, 13978 14 031 14168 14372 14427

ngth of the route across cropiand/iay meadow B 1.233 1203 1233 1233 1.233 1231, 1289 1283, 1288 123 1,233
ength across rangeland pasture | 2r2288] 271gor| 2517 23sess| 25622 263 955, e3etel  2sema  2sa7ie  22079] 245598
Length of route across agnicultural cropland with mobils Imgation systems® 0 0 0 of o o 0 0 0 0 0
0 3 0 3 o] 0 o o o
Length of route acioss npanan areas 20,490 23121 17,948 28,268 26283 24722 27353 19 630 22061] 17087
Length of route across potential wetiands 1822 5336 1725 5243 1728 1822 5.336 1039 4559 42!
Number of stream crossings by the route 35 35 35 35 35 34 34 34 34 34!
Length of route parallel to streams (within 100 feet) Ctom4 1914 1o14] 2115 2,115 1914] 1114 1114] 1114]
Length acmss_lei.‘s or ponds {open waters) 70 70 70 70 70 70, 70 L) ]5:4
[T, Number of known rarefunique piant locatons wiihin the right-of-way - o 1 [ 1 ' ¥ 1 1 [) 0
.'_;‘ Length of route through known habitat of endangered or threatened species 95 95, 95 95 95 95! 95 95 95
= Number of recorded cuitural resource sites crassed by the route 0 o' i 70 0 0 o o 0 1 1
Number of racordsd cultural resources within 1,000 fee! of the routs centerine 3 3 3 3 3 o . 3 4 |
Length of route across areas of high stte potential T Tarzi0] | seam 87.210 86017 80,784 es876, 83010 85875 77267 o1 ]
"Number of prvate arsirips within 10,000 fest of the route centerline B o of T o] T T ol o, o [
Number of FAA-regsstered airports with at ieast one runway more than 3,200 feet In length within 20 000 feet of route centerline - 0 4 o] r; YT of 0 0
Number of FAA-registered aiports with no runway greater than 3,200 fest n length within 10,000 feet of the route certerine } 0! o o o o, o 0 0 e

Number of heliports focated withn 5,000 fest of the route centerine | of 0 3 0 0 0
Number of AM radio tocated within 10,000 fest of the route c ' o, 0 0 o
Number of FM, microwaye and other elecironic watun 2 000 fet of the route al 3 3 [) i

’Numbor of US or State Highway crossings by the route o 3 3 3 ;rﬁ o
Number of Farm to Market (F M) county roads, o other street crossings by the route 9 9 9 9 §r

d length of nght-of-way within foreground wisual zone of U'S and State Highways 5 17,145 16 896
length of rght of-way withn visuai zone of p areas o 0o 0 0, 0 o o

Note: All iength measurements in feet Al linear measurements were obtained from the National Agricultural Imagery Program digital ortho imagery flown in 2018-2017 with the exception of areas of high
archaeological/historical site potential which were measured from USGS Topographic Quadrangles The aenal photograph has a provided accuracy of +/- 30 feet 'Structures normally inhabited by
humans on a dally or regular basis Habitable structures include but are not imited to a single-family and multi-family dwellings and related structures, mobile homes, apartment buildings, commercial
structures, industnal structures, churches, hospitals. nursing homes, and schools 2Dehined as parks and recreational areas owned by a governmentat body or an organized group, club or church
Believed 1o be systems no longer in use
* - Not included in length of route parallel to existing compatible rights-of-way
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Table 7-2. Environmental Data for Alternative Route Evaluation
Sand Lake—Solstice 345 kV Transmission Line Project

Altemative Route Number 122 123 124 125 126 ‘ 127 128 129 ‘ 130 : 131 132
Length of alternatwe route . 281118] 205860  a04910]  a10922] 205408 354008 352053| 366795 336422 270847 285590
Length of route paraliel o existing electric transmission ines ) 14,535 2825 54404 w770 esset 62703 28,227 41951 64257 4386 18110
Length of route paraliel to rairoads 1 o 0 o 0 0‘ 0 0f 0 o o o
Length of route parallel to existing public roads/highways 1 20,723 19914 25085 25878 19,814 1,762 20,723 ] 19.914 11762 20,723 19914
Length of route paraliel to pipelines” T am 12,781 17144 173441 17144 12285 12205) 12285 12,207 12.207
Length of route paralil to apparent property boundaries T T | az8a 35539 12,624 10116 10116 60300 34,878 37,567 41,397 44105
Totallength of oute paralll fo existing compatible rights of-way ] TTTTTTTTT Teress I CE 69,708 stess 127708 76,773 92 396 50 450 75,074
Numbser of habitable structures within 500 feet of the route centerfine! 3] 3 3 3 3 3 3 3 3
Number of parks of recreational areas within 000 feet of the route centerine? ol T o 0 [ o [ [ o o
Length of the route across parks/recreational areas ) _ ~ 0. 0 0 of T T 0 0 0 0 0 0
Langth of route through commercmyindustrial areas o _ 14504 147m 14967 15,170 15.226 15665 16,042 16319 15,652 13877 14,155
! Length of the route across croplandmay meadow . R T " 1,238 1283 1238 _ 1233} 1,233 1,233} 1233 1233 1233 1,283 1,233
Length across rangeland pasture _234357) 254321 264654|  264317) 257533 292410, 207,575 317519 286012 229067| 249,082
Length of route across cropland with mobile wrigation systems® [) 0 o [) o ot ) 0 [ o o
Length of route across upland woodlends i o 0 0 0 3 o o
+ Length of route across npanan areas B 26493 24,508 255781 20404 39,187
"Length of route across potential wetlands - ] o ” 4461 9 _ Tass| w2 5997,
Number of stream crossings by the route R _ 38 38, 37 .97 39f
Length of route paraliel to streams (within 100 feet) " _ R 1897 1,897 1,696 1,696 ' 2234
Length across lakes or ponds (open waters) _ . - 70 - 70 70 7_2 _.....205
{17, Number of known rare/unique plant locatons withn the night-of-way i - 0 0 0, o] o ) 1
AN Length of routs through known habitat of endangered or threatsned species .95 95 95 95 _ 85 95
N Number of recorded cuitural resource sies crossed by the route 0 0 ol 0 0 0 . o
Number of recorded cultural resources within 1,000 feet of the routs centerine e R 2 2' = 2 2 2 2| . 2 2 3 2 2
Length of route across areas of high site potential T 95,655 98,521 94613 91747 94613 97425 93158: 96024
Number of pnvate arstrps ;x‘l;un 10,000 feet of the route conterline o B :; : o 9 :“__ o 0 0[ 0 o B of o
Number of FAA-registered aports with at least one runway more than 3,200 feetin Imqﬂ?wxlhm 20 000 feet a’! route m";":", e i o o Ol 0 0 0 0
>Numbw of FAA-registerad airports with no runway greater than 3.200 feet in length within 10,000 fest of the route centerline 0 0 0 .0 .0 0]
Number of heliports located within 5 000 feet of the route centatline o B _ 0 o oi 0 0
“Number of AM raco iocated witin 10,000 feet of the route centerine T ) D R N | 0
Number of FM, ave and other electronic with 2 000 feet of the route canterine B al 3 1 1
rb}l;mbér-ol US or State Highway crossings by the route o o ) : 3 3 o3
_Nurnber of Farm to Market (F M) county roads, or other street crossings by the route _ . o ___8 8 T 9 9
"Estimated length of nght-of-way withm wisual zone of US_and State Highways B T isaee 18462 18462 8322] 18 4_52_L 18462 21970 18482 18,462 )
length of right-of-way within wisual zone of p ralareass B o 0 0 0 of 0 0 0 0,

Note: All length measurements in feet  All inear measurements were obtained from the National Agricultural Imagery Program digital ortho imagery flown in 2016-2017 with the exceptton of areas of high
archaeological/histonical site potential which were measured from USGS Topographic Quadrangles The aenal photograph has a provided accuracy of +/- 30 feet 'Structures normally inhabited by
humans on a daily or regular basis Habitable structures include but are not hmited to a single-family and multi-family dwellings and related structures, mobile homes, apartment bulldings, commercial
structures, industnal structures, churches, hospitals. nursing homes, and schools 2Defined as parks and recreational areas owned by a governmental body or an organized group, club, or church
“*Believed to be systems no longer in use

* - Not included i length of route parallel to existing compatible nights-of-way
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Table 7-2. Environmental Data for Alternative Route Evaluation
Sand Lake—Solstice 345 kV Transmission Line Project

Altemative Route Number 133 134 135 136 137 | 138 139 140 i 14t . 142 143
Length of aftematve route 294 639 300,652’ | 285138 340,151 354,893 363943 369955 354,441 . 335,801 350 544 359,593
Length of route paraliel to existing electnc transmission lines 44345 30,621 __ 58832 30,554 44278 70513; 56,789 85,000 40,703 54427] 80 662
Length of route paralie! to rairoads 0 o [ 0 i 0! 0 0 o 0
Length of route paralle! to existing public roadsrhighways . 25065] 25873 19,914 37854 43,004 37,045 37854 37,048 42195
Length of route parallel to pipslines* o 16,570 16,570 16570 9,263 13,625 13625 9,837 9837 14,199
Length of route paraliel to apparent property boundaries . e - s 21,380 18 681 18,681 48476 25,760 25,760 39910 42619 19903,
Total length of route paraliet 1o existing compatible nights-of-way o R | 83,743 68,120 \ 90372 |09,82§; _ 125451 134 121 118 497 140,750 111417 127 035 135 704!
Number of habitable structures within 500 fest of the route centeriine’ 3 3 3 2 2 2 2 2' 2 2 2
_Number of parks of recreational areas wihin 1 000 feet of the route centeriinez 3 3 o 3 3 o ol [ 0 B
"Tng of the route across parks/recreational arsas I H v““o' T 0, o 0 0 Q o 0 0 ]
Length of route through commarcialindustnal areas e | 14340] | 1a5e4 14,599 16,718 16,995 17180 17,384 17 439 16419 16696 18 ss2|
“Length of the route across cropiand‘hay meadow i 1,233 1233 1.233 1238|1233, 1,233 1289, 1283, 1.233 1.233 Ry
Length across rangetand pasture R S 4 250 364 259,028 252,243 287,658 307,823 317 955 317,619 310834 279375 299 340 309 673/
Length of routs across cropland with mobsie irgation systems® . [ 0 0 0 0 o 0 0 0 0 0
Length of route across upland woodiands i L 0 0 0 0 0 0 r— o o 0
i[cngm 0f route Across Npanan arsas = o R 18,593 21224; 16050 28,566 26 580 25,019¢ 27 650 22,4_72' 32797 .
Length of route across polential wetiands vose|  4gssa,  sa2] 5927 Tza13 2506 6020] 2408 se27 2413 2,506 |
Number of stream crossings by the route 38 _ s 38 37 37 36§ 36 36 36 35,
Lengh of route paralel o streams (within 100festi 1696, 1696 1695 3,304 3304 3103 a0 3304 3304 3103}
Length across lakes or pond's (openwaters) N 7l 70 70 o e ® e 4 49 49
IT] Number of kniown rare/unics plant CaLoRS wAtin the rght-ol-way_ T - G 1 1 v Kl ‘ T ] 1
L. Length of route through known habrtat of endangered or threatened species 95 95 50 50 50 50 50, 50 50 50
O Numbes of recorded cultural resource sites crossed by the route R R ol [ 0 o [ 0 0 o o [ 0
Nurnber of recorded culturat resources within 1,000 fest of the route cente - o 2 2 2 4 4 4 4T‘ 4 4 4 4
Length of route across areas of high e sie potental 92,116 89,250 92,116 109,489 108 447 105,581 108 447 108,154 111020 107,112
._N-mesrof private sirstrps within 10_0-0(;;:& ;; ﬂ:"e‘r_;ét_e_;::s&orhm . T 0 . AO.'W 0 s 0 0 ) 0 0 o 0 -E)—l
Number of FAA-registered airports with at least one runway more than 3,200 feet |E I“sn“gxh within 20 000 feet of routs centeriine "o 0 B o B [ L [ I
Number of FAA-registered airports with no runway greater ihan 3,200 fset n length wittn 10,000 feet of the foute certerins ) 0. of
Number of heliposts located within 5,000 feet of the route centerline _ R I 0 o o
"Number of commercial AM radio located witn 10,000 feet of the route centerine - ’ 0 9
A TICTOW stallations within 2 000 feet of the route centerline R ) T N R D 1 3—
be or State Highway crossings by the foute o . - [ 2 i 72
Number of Farm to Market (F M) county roads, or other street crossings by theroute o R e 12! 9
_Estmated iength of nght-of-way wittin foreground visual 2one of US and State Highways 18 462 18,462 18,462 14471 ‘_ L iaan 14 471 : 14471
Estimated tength of nght-of-way within e wisual zonw of pi nal areas L o . ] 0, . o - 0 0 .8

Note: All length measurements in feet Al linear measurements were obtained from the National Agncultural imagery Program digital ortho imagery flown in 2016-2017 with the exceptton of areas of high
archaeological/istorical site potential which were measured from USGS Topographic Quadrangles The aenal photograph has a provided accuracy of +/- 30 feet 'Structures normally inhabited by
humans on a daily or regular basis Habitable structures include but are not limited to a single-family and mufti-family dwellings and related structures, mobite homes, apartment buildings, commercial
structures, industrial structures, churches, hospitals nursing homes, and schools 2Defined as parks and recreational areas owned by a governmental body or an orgamzed group, club or church
“Believed to be systems no longer in use

* - Not included in length of route parallel to exsting compatible nghts-of-way
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Table 7-2. Environmental Data for Alternative Route Evaluation

Sand Lake—Solstice 345 kV Transmission Line Project

Altemative Route Number ' 144 145 148 14r 148 | 149 150 151 152 [ 153 154 1}
Length of altematve route a65606| _o50091  999184| 007138, 411881 _ 9B1508| 400765 Q98719 4104e2 380089 309,248,
Length of route paralle! to sxisting electnc ransmission lines 66,938 95,149 ‘ 28,871 54 395 68119 90426 88,871 54,395 68119 90,426 30 554
Length of route paralle! to railroads [ 0 0 0 0 0 0 0 0 0 ]
Length of route parallel lo existing public roadstighways 43004 37045 28,893 37,854 37045, 2agea 28,893 37,854 37045 28,803 37854
Length of route parallei to pipelines® e - 14199 14,199 9340 9,340 9340 9340 9340 9,340 9,340 9340 9,263
Length of route paralle] to apparent property boundanes o o 17195 17195 67079 41957 44 666 41957 67,3701 41957, 44666 41957 48476
Total length of route paraliel 1 existing compatible nights-of-way  _ o 120081 142303,  178087|  127,150] w2774 154220 1780870 127,150 142774 154220] 109828
Nurnber of habitabie structures within 500 feet of the route centerline! 2 2 2 2 2 2 2 2 2 2 2
Number of parks or ateas within 1,000 fest of the route centertine? 0 0 0 | 0 0 o L 0 0 0
Length of the rouite across parksitecreational areas - 0 0 0 o o e o o 0 0 0
Length of route through commercialindustral areas 17,085 17141 17096 17472 17750 17082 17,050 174260 17,704, 17036 16,465
Length of the routs across croplandhay meadow ] T e 1,233 1233 1,283 1233 1233 1203 120 1230 1283 1233
Length across rangland pasture o i | 300336) 302552  328787|  333951] 350,016 322388,  330188| 395353 355317 323790) 286783
Length of route across agncultural cropland with mobile mgation systems® . . 0 0 o] 0 0 "o . 9 0 0 0
Length of route across upland woodiands ~ _ 0 0 0 o] _ o 0 . o 0 0 0
" Length of route across npanan arsas ] s 26,708 4s208]  azaa1 35495 3729 45454 arrs  ss721 arset|
Length of route acioss potential wetlands i - Ceo0|  T2ae, 6,655 6,952 3,437 3447 6655 6952 3437 3aa7] | se2r
Number of stream crossings by the route . ~ss 35 a7 a7 X 4 37 a7 i gl a7
Length of route paratlef 1o streams (within 100 feet) B B 3108 3.108 3541 3,563 3563 3888 3,641 356 3,563 3888 3,304
Length actoss lakes or ponds (open waters) o i 49 49 184 49 4 61 184 R 49 61 49
A - - — PRI — R 1 . S, N .1 M. .2
mﬁh!nirrnbsr of known rare/unique plant locatons within the nght-of-way _ R hl . 2 1 1 1 2} 1 1 , 1. 1
1" Length of route through known habtat of endangered or threatened species . 50 50 50| 50 50 50 sof 50, 50 50 50
B Number of recorded cultural resource sites crossed by the route 0 0 [} 0 o 1 0 0 . ¢ Al 0
“Numbar of recorded cultural resources within 1,000 feet of the routs centerline I 4 4 4 3
Length of route across areas of high archasologcaliistorical site potential 104 246 107,112 109 925
“Number of private airstips within 10 000 feat of the route centeriine R 0 o o
Number of FAA-registered airports with at least one runway more than 3,200 fest in length within 20 000 feet of route can!—o—mm - VO 0 [
Number of FAA-registersd airports with no runway greater than 3,200 feet in lenigth within 10,000 feet of the route centeriine 0 D' 0
Number of hetiports located withn 5,000 feet of the route centerine e R 0 0 0
Number of AM radio focated within 10,000 feet of the routs centerine R 1 o
‘Number of FM, microwave and oher efectionic instafiations within 2 006 fest of the route centerine T s
Number of US o State Highway crossings by the route_ T o
Number of Farm to Market (F M} county roads, or other street crossings by the route ] ]} .
mated length of nght-ot-way within toreg g - ! 14471 A7t
imated length of night-of way within foreground visual zone of p [ 0 o 0

Note: All length measurements in feet  All linear measurements were obtained from the National Agncultural Imagery Program digital ortho imagery flown in 2016-2017 with the exception of areas of high
archaeological/historical site potential which were measured from USGS Topographic Quadrangles The aenal photograph has a prowided accuracy of +/- 30 feet 'Structures normally inhabited by
humans on a daily or regular basis Habuable structures include but are not Iimited to a single-family and muit-family dwellings and related structures, mobie homes, apartment butidings, commercial
structures. industnal structures, churches, hospitals, nursing homes, and schools 2Defined as parks and recreational areas owned by a governmental body or an organized group, club, or church
*Believed to be systems no longer in use

* - Not included in length of route parallel to existing compatible nghts-of-way
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Table 7-2. Environmental Data for Alternative Route Evaluation

Sand Lake—Solstice 345 kV Transmission Line Project

Attemative Route Number 158 156 157 158 | 158 | 160 | 161 162 163 | 164 165
Length of altematve route o 353 990 363040 369059 353,538 334,808 349641| 358690 364703 349,189 341972 347,985
Lgngm of route paraliel to existing sisctric nnsmlss\ovlllnss 44278 70813 _ 56789 85000 40 703 54427 80662 66938 95149 52,671 38947
Length of route paraliel to ratroads of o 0 0 o 0 a, [ [ 0 0
Length of route paraflel to existing public roadsihighways 37,045 42195 43,004 37,045 37,854 37045 42,1951 43004 37045 42,195] 43004
Length of route parallel to pipetines” 9263 13,625 13625 13625! 9,837, 9837 14199 | 14199 14,199 16767, 16,767
Length of route parallel to apparent property boundares e o 51184 28468 25760 257600 a9910 42618 19,90 17,195 17195 22549 19841
Total length of route parallt 1 existing compatble rights-of-way i 125451 134121 118497 140750 ; AT 127085]  135704] 120081 14238 110359 94,736
Number of habitable structures within 500 feet of the route centeriine' . 2 2 2 2, 2' 2 2 2 2 2
' Numbsr of parks or recreational arexs within 1 000 feet of the route centerline? . 0 0 0 0 ol ° o o 0 0
To:él}w-é’-rho r;ul' across parks/recreational areas T o of 0i 0 .0 o 4] o [ 0 o
Length of route through commercialindustnal areas 16,742 16,927 17131 17,186 16,166 16 443 16,629 16 832 16,888 17 025 17,229
Length of the route across croptand‘hay meadow . i } 1,233 1233 1,233 1,283 1,233 1,233 1,233 1233 1233 _ 1233 1233
Longth across rangsland pasture 306748 317,080 316,744 309,959 278,500 298465, 308798 308 461 301,677 297 558 297,222
Length of route across cropland with mobrie imgation systems® g P 9 a 0 0 2 o 0 o 0 0
’_Lungﬁ of route across upland woodlands o e 0 e 9 o 0 0 0 . _9+ e ] o 0
Length of route across riparan areas . o i 28806| 25244 27876 22,702 33 023 31038] 20476 32107 26934 24,384 27015
Length of route across polential wetiands O ) 2413 2505, 6,020 2,408 5927 2413 2506 6020 2,408 1,728 5237
Number of stream crossings by the route _ . 37 36 36 36 36 - 36 35 35 35 35 35
Length of route paralis| to streams (within 100 feat} L o ' 3304 3,103 3,108 3,103 3,304 3.304 3103 3103 3103 2,303
E'E?E across lakes or ponds (open waters) s o o | _ 49 . 49 49 49 49| 49 4 49 - 49,
m Number of known rare‘unique plant locatons within the nght-of-way R LI 1) 1 1 1 i 0.
1, Length of route through knawn habitat of endangered or threatened species 50 50 50 50 50 50 50§ 50
O Number of racorded cuitural resource sites crossed by the route 0 ] o 0 6 Q 0; 1 1
Nurnber of recorded cultu sources within 1,000 teet of the route canteriine » . 4 4 4 4 . 4 4 4 5 5
Length of route across areas of high arch: logicalh site potential 106,4}74 105,581 108,447 108,154 111020 107 112 104 246 107,112 98 503 95,637
'Numberof prvate arrstrips within 10 000 feet of the route centerine B :: T — B o o 0! e “o “““ 0 o 0 T
Number of FAA-registered aports with al least one runway mora than 3,200 fest 1 length within 20 000 fwet of routs centeriine. T 0 o! "o o o] T
Number of FAA-registered arports with no runway greater than 3,200 feet  length withi 10,000 foet of the routs centerlne of 0 o 0. o o a
Number of heliports located withn 5,000 feet of the route centerine B B of 0 0 0 0 0 0
‘Number of commercial AM radio transmitters locatsd it 10,000 feet of the route centertine 1 of T T ol 0 o] o
qum;e—r—oﬁ'yl microwave and other slectronic Installations within 2 000 fest of the route oenteﬂmm;; B . - L ) S8 3 »; 7-7~3 T L 1 .8
Number of US or State Highway crossings by the route _ _ 3 2 2 2 2 2| 2
Number of Farm to Market (F M) county roads, or other street crossings by the route . .9 ol . . 94 I E‘ I ¢ 9 _
Estimated length of nght-of-way within und isual zone of U § and State Highways . 14471 14471 1A4TY; 1447 14,471 144711
y wittin wisual zone of areas 0 o; o 0 o

Note: All length measurements in feet  All inear measurements were obtained from the National Agricultural Imagery Program digital ortho imagery flown in 2016-2017 with the exception of areas of high
archaeological/histonical site potential which were measured from USGS Topographic Quadrangles The aenal photograph has a provided accuracy of +/- 30 feet 'Structures normally inhabited by
humans on a daily or regular basis Habitable structures inciude but are not imited to a single-family and multi-family dwellings and refated structures, mobile homes, apartment buildings, commercial
structures, industral structures, churches, hospttals. nursing homes, and schools 2Defined as parks and recreational areas owned by a governmental body or an organized group, club, or church

“Believed to be systems no longer tn use

* - Not included in length of route parallel to existing compatible nghts-of-way
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Table 7-2. Environmental Data for Alternative Route Evaluation
Sand Lake—Solstice 345 kV Transmission Line Project

' Aternative Route Number 166 167 168 1% | 170 71 | 72 173 174 7S 176
Longth of altsmative route 332 471 334,204 348 976 358,026 364,039 348 5242 407 215 6075.1769 419,912 | 389 539 323,964
Length of route parallei to #x:sting electnc transmission lnes 67,158 40703 54,427 80662 66 938 85,149 88,871 5’,37954 §§ 119 90,426 30 554
Length of route parallel to railroads B o 0 0 0 o ol o 0, o] o 0
Length of route paraliel to sxisting public roadshighways ) 37,045 37,854 37,045 42195 43,004 37,045‘ 28 893 37,854 37 045, 28893 37 854
(MAU{.Y_U“UM paraitel to pipelines* 16,767 17,915 17915 22,277 22,277 22277]\ 17,418 17 418" 17,418 17418 17,341

“Length of route paraliel to apparent property boundarws T o pat 41976 saem 21968 19 260 19260 69444! 44023, 48701 44,023 50 541
Total length of route paraiel o existing compalble rights-of-way 1i69e8| 113477 1z9100] 187,770] 122146 144 o8] 18012 s2l 129216 144830 156285 111893
Numbar of habitable structurss withins 500 feet of the route centerine’ .2 3 3 3 3! 3i 3 3 3 .3
Number of parks of recreational areas within 1,000 feet of the route centerline? o 0 o0 0 0 o] oi 0 o o] o
L_or;gmnof_ Ih‘o ;u(o across parks/recreatronal areas : 1l w7707” T 0y ”_o - 0y 0 0 . 0, 0 ] 0

te through commercalindusinal areas _. T Ti72me 17,361 17,638 178241 18027 1sosal 18522 18 898 19176 18,508
angth of the route across cropland/ay meadow - T 2 1288 123 1233 1238 123 1.233 1298 1293 1233
290,437 279,199 i 299,164 309,497 ; 309,160 302 376; 337,253 342 417 362,353” . 330,854
Length of route across agruitural cropland with mobite mgation systems’ o B 0 [ 0 0! o o 0 )
Length of route across uptand woodlands T 0 [ [ [ o o ol 0
Length of route IC"‘JSS npanan areas I 21,842 31,247 29,262 27,701 30 332 25,158 1 43 942 A 36,194
TLength of route across polental wetiands T T ees 5144 15630 1723 5297 1625 6,080 6377
Number of streamcrossings by theroute 35 ® s T a8 “ 4
Length of route parailel to streams {within 100 feet) I 2303 3 086 3‘07876 ) 2,885 2,885 2885 3423 3345
Length across lakes or ponds (open walsrs) o | 49 49’ 49 49 94 a4 L
7 Number of known rareiuniqus plant locations within the right-or-way | ) o o 3 0 1 o 3 of T d
Length of routs through known ndangerad of threatsned species 50 50 50} 50 50 50 50 50 50 50| 50
O Nurmber of recorded cutural resource sites crossed by the route il ¢ o} o 0 0 o 0 0 11‘ o
Number of recorded cultural resources within 1,000 feet of the route centerine o 5! 3 3l a| a8 a3 N 4] 3
Length of route across arsas of figh archasologicalivstoncal site potential T 98503 116891 119757)  115850| 112883 115850] 118662 110851 113717 119351, 114,395
Number of phvate airstnps within 10,000 feet of the routs centerine [H ) 0 o o
Number of FAA-registered airports with at least one r:mwa; more than 3—2 ot in length within 20 000 feet of routa centerdine | 0 0 o9 0
7"1}1@@}&/\1@&@& airports with no runway greater than 3,200 feet in ength within 10,000 feet of the route centerine [ L L] [
Nurmber of helports ocated Wit 5,000 fes1 of the route certerine o ” o g o ol
Number of commercial AM racho focated within 10,000 feet of the oute centerine 3 o of 3
Numbet of FM, and ofher slecironic mstallations wittun 2 000 fest of the route centerine - [ 1 i 1

-I:I;meev of US or State H:éhway crossings by the ruuT; o T o 2 2_ 2! _—_2_
Number of Farm to Market (F M) county ro: ther street crossings by the route 9 6 6 9
Estmated length of nght-of-way within foregro; o U'S and State Highways 15788 15788 19,296 15,788

_Estimated iongth of night-ot-way within foreground visual zone of p areas — ol o 0 o o)

Note: All length measurements in feet Al finear measurements were obtained from the National Agricultural imagery Program digital ortho imagery flown in 2016-2017 with the exception of areas of high
archaeological/histonical site potential which were measured from USGS Topographic Quadrangles The aenal photograph has a provided accuracy of +/- 30 feet 'Structures normally inhabited by
humans on a darly or regular basts Habntable structures include but are not imited to a single-family and mutti-family dwellings and related structures, mobile homes, apartment buildings, commercial
structures, industnal structures, churches, hospitals. nursing homes, and schools 2Defined as parks and recreational areas owned by a governmental body or an organized group, club, or church
Believed to be systems no longer in use
* - Not included in length of route paraltel to existing compatible nghts-of-way
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Table 7-2. Environmental Data for Alternative Route Evaluation

Sand Lake—Solstice 345 kV Transmission Line Project

Atemative Route Number 177 78 119 180 Rl i) 182 | 183 184 : 185 | 186 187 :
Langth of altematwe route ] 38706 347756 353769 33254 319437 325449 300935 292,744 208757, 203243 291454,
Length of route parailet to sxisting elecinc ransmission lines 44278 70513 56 789 85,000 48285 34,561 82772 22117 8393 36,604 4,386
Length of route parallef to rairoads . 0 0 0 0 0 Di o 70 0 | [ 0
Length of route parallel to sxisting public roadshighways " Tar0es 42195 43,004 37,045 31621 32429] 26470 26033 26842 20,883 20 529
Length of route parafiel to pipelines’ o - 17341 z1,703] 21,708 21703 6534 5534 5534 11667 11,667 11867 4,129
Length of route paraliel to apparent property boundaries B 53.250] 30534  27.826  27.826 22643, 19,841 19,841 13211 10 502 10502 30 138
Total length of route parallel 1o existing compatible rights-of-way T 1757 196186 120569 T azats]  esaee 79775|  102028]  seam asars 61128 57,91
Number of habitable structures within 500 feet of the route canterine’ . | 3! 3 3 3 2 2 2 37 a7 a7 a7
Number of parks or recreational areas within 1,000 feet of the routs centeriine? = o | o! o 0 ] 0 0 0 Q 0 0 Q
Length of the route across parks‘recreational areas o T 0} o o 3 0 Dl 9 0 [ 0 [
Length of route through commercavindustral areas o o 7012] 7097 17401 17456 16,105 16300 16,364 14368 14,572 14628 13,992
Length of the route across cropiandhay meadow - 1,233 1283 1223 1233 1233 1233 1233 1,299, 1239 1238] 1288
Length across rangeland pasture ] 203874 304207 303870|  207086] 278757 278421,  271635] 253061 252724 245040| _ 246,066
Length of route across agricultural cropland with mobile wngation systems® o T 0 0‘ . o 0 0 0 o o ;‘r 0 0 0
Length of route across upland woodlands e ol 0 0 0 o 0 0} 0 0, 0 H;
Lengt of route acoss riparian areas L T 8 20,804 20916 23548 18374] 228 24959 19.786 24858
Langt of route across potential wetlands ' 1625 2876 5890 2.279] o34 5,148 1537 5,185
Number of stream crossings by the joute. : i ngé az 32 i R ,,E 41 41 al 40
Lengtts of route paraliel to streams (within 100 fests : 3,086, 2885 2885 2977 2077 2,977 1788 1,788 1788 2,115
Length across lakes or ponds (open waters) e 49| 43 49 s 120 120 120 120
[T1 Number of known rarefunique plant fcatons wahin the right-of-way . o] o] o 0 3 o 9 i
24 Length of route through known habitat of endangerad or threatened species. : 50} 50 50 50 50 50 95 95 95 95
I Number of recorded cultural resourca sites ciossed by the route - of 0 o 0 1 1 1 ) [ o
Number of recorded cuftural rssources withirs 1,000 feet of the routs centerine _ a3 B 3 6 s 6i 3 3 3 1
 Lengih of route across areas of high archasokgicablistanical sits potential T T 117.261] 113353 110487  113353) 100595 97728] 100,595 91073 88207 91073 89,291
N private airstrips within 10,000 feet of the route centerline T R o o -
' lumber of FAA-registerad airports with at ieast one runway more than 3,200 feet in length wittin 20 000 festof route centerline | 0| 4 o] o
Numbar of FAA-registared airports with no runway greater than 3,200 feet in length within 10,000 fest of the route centeriine 0 0 . 0 0
Number of helports tocated within 5,000 feet of the route centerine R o 0
‘Numbﬂ of commer AM radio tocated wm;x}; 1”0,000 feet of the routs cenlemr’wﬁi B 0 0
"Number of FM, mictowave and ofher slectrome nstaliations wilhin 2 000 fest of the roue certerine ~ E

Number of U'S or State Highway crossings by the route
Number of Farm to Market (F M) county 70ads, of other strest crossings by the toute

>~

_Estimated length of nght-of-way within toreground visual zone of U 8 and State Highw:

Estimated lergth of night-of way within

visual zone of

areas

Note: All length measurements in feet  All hnear measurements were obtatned from the National Agrcultural Imagery Program digital ortho tmagery flown 1n 2016-2017 with the exception of areas of high
archaeological/histonical site potential which were measured from USGS Topographic Quadrangles The aernal photograph has a provided accuracy of +/- 30 feet 'Structures normally inhabited by
humans on a daily or regular basis Habitable structures include but are not limited to a single-family and multi-family dwellings and related structures, mobile homes, apartment bulldings, commercial
structures, industnal structures, churches, hospitals. nursing homes, and schools 2Defined as parks and recreational areas owned by a governmental body or an organized group, club, or church
*Believed to be systems no longer in use

* - Not included in length of route parallel to existing compatible nghts-of-way
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Table 7-2. Environmental Data for Alternative Route Evaluation

Sand Lake—Solstice 345 kV Transmission Line Project

Alternative Route Number 188 18 190 191 | 192 | 193 194 195 . 1% 197 198
Length of altenative route R R 306 196 315,245‘ 321,259 305,744 i 287,104 301847 310,896 316,809 301,395, 350,487 | 348,442
' Length of route parallel to existing eiectric ransmission Iines R _ 18110 44,345 , _ 30621 58,532’ 14 535 28288, 54494 68,981 62,7081 28227
Length of route paraliel to rairoads 0 0 [ ol 0 o} 0 0 0 0
Length of route paralel to existing public raadshighways 19,720 24871 25679 19.720 20529 19,720 24871 19720 11568 20529
Length of route paraliel to pipefines” - 4129 8,492 8492 8,492 4,703 4703 9,066 9,066 4207 4,207
Length of route paraliel to apparent property boundanes 41,846 19130 16,422 16 422 30 572 33,280 10,564 7.856 58 041 32619
Total length of route paraflel 1o existing compatible rights-of-way _ 72814 81484 65 B60 88113 58,774 74 398 83,067 67 444 89,696 125 450 74513
Number of habitable structures within 500 fest of the routs centerline’ 37 37 37 7L a7 37 a7 37! 37 K 37
Number of parks or recreaticnal areas within 1,000 feet of the route centerline? 0 0 0 0 0 0 0 0 ) 0, 0 0
Length of the route across parks/recreational areas 0 B 'R 0 0 0 0y 0 0 B 0 0“ - MT
Length of route through commercal/industnal areas 14,269 14,455 14,658 14,714 13,693 139711 14156 14 360 14,415 14370 14,747
Length of the route across cropland/hay meadow o . 1 1,233 1,233 1,233 1233 1,233 1283 1,233 _ 1283 1283 1,233 B 1233
Length across rangeland pasture . 266,030 276,363 276,026 269,242 207,783 257 747 268,080 267743 260959 287 195 292 359
Length of route across cropland with mobile rmgation systems® R . 0 0 0 0 o 0 Q 0 0 0 0y
Length of route across upland 0 0 0 0 0 0 0 o [4 0 g!
"Length of route acrss npanan areas B - 21312, 23943 18769, 25090 27,105 25543 28175 23001 521 sarna
Length of route across potental wetlands - B 1764 s278 1,667 s18s 167t 1764 s2r8 1667 so3l | 6210
Numbar of stream crossings by the route _ 39 a9 _39 39 39 38 as 38 40 40
Length of route parallel to streams (within 100 feet) 2 115§ 1,914 1914 1.914] 2,115 2115 1914 1914 1914 2452 2374
Length across lakes or porids (open waters} - - 0! 120 R 120] 120 120] 120 120 120 2550 120
Ty Number of known rare/unique piant locatons within the nghtot-way . _ L 1 1 1 1 1 1] 1 R 2 1!
. Length of route through known habitat of endangered or threatened species 95 95 95 95! 95 95 95 95 95 95 95
09 \yrmber of recorded cultral resource sttes crossed by the route ) ol 0 0 of 0 o o o' o o T
' Number of recordad cultural resources within 1,000 fest of the route centertine 1 1 1 1 | 17 1 1 1 1 1 1
Length of route across areas of Fugh archasologicabistorcat site potentia 92157 88249 85388 28,249 87,956 90822 85914 84 048 86914 89727 81915
Number of private arrstrips within 10,000 feet of the route contertne. :: i ) e ol o T TR T B T T
Number of FAA-registerad airports with at least one runway more than 3,200 feet in length within 20,000 feet of route centeriine 0j 0
Number of FAA-registered ilipor(ﬂllmi no runway greater mﬂ\ 13,200 featin langth within 10,000 feet of the route centerline 0 0
Number of heliports located withn 5,000 fest of the route centertine - R Bl 0 0
“Number of 1al AM radio located WIfun 10000 feetof the route centertne o [ 0
Number of FM, microwava and ofher electronic installations witten 2 000 fet of the route centerine T 3
'iurpl?gr of US or State H:éhway crossings by the oute - R - 3
Number of Farm n to Market (F M) county roads, or other street crossings by the route ¥
—Es‘!;malcd length of rght-of-way within foreground visual zone of U ind State Highways . 17 145 17 145 17,145
Estimated length of night-of-way within nd visual zone of p areas 0 o [

Note: Al iength measurements in feet  All inear measurements were obtained from the National Agricultural imagery Program digital ortho 1magery flown in 2016-2017 with the exception of areas of high
archaeological/histoncal site potenttal which were measured from USGS Topographic Quadrangles The aenal photograph has a provided accuracy of +/- 30 feet 'Structures normally inhabited by
humans on a daily or regular basis Habitable structures include but are not hmited to a single-family and multi-family dwellings and refated structures, mobile homes, apartment buildings, commercial
structures, industnal structures, churches, hospitals. nursing homes, and schools 2Dehined as parks and recreational areas owned by a governmental body or an organized group, club or church

*Belleved to be systems

* - Not included in length of route parallel to existing compatible rights-of-way

no longer In use
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Table 7-2. Environmenta! Data for Alternative Route Evaluation
Sand Lake—Soistice 345 kV Transmission Line Project

Estmated length of night-of-way within

Atternative Route Number 199 | 200 201 | 202 | 203 ; 204 206 t 206 | 207 ; 208 209 |
Length of aitemative route 363 184| 3811 352068, 950,023  I6ATES  334002]  290551| 305294,  G14343 32005 304842,
Length of route paralle to existing slectric transmission ines 41,951 se257 2700 28227 41951 sa2s7 4 366! 1110 435l soe 58832
Length of route parailet to riroads o 0 ° ] ° o 0 o 0 0, 0 0
Length of route paralle! to existing public roadshighways 7 Yer20 11.568 11,568 20529 19720 11,568 205290 19720 24871 25670 19720
Length of route paraliel to pipelines’ o 4207 1207, 4207 4207 4207 4120] 4129 8492 8492 5,492
Length of route parallel to apparent property boundaries IR T ‘éé,s_z}—T 32619' 32619 35 327 32619 39,138, 41,845 19190 16422 16422
Total length of routs parallel o exIstng compatible sights-of-way $0137] 101583, 125450 " 7as13] 0137 101563 57101 72814 81484 65860 88,113
Number of habitable structures within 500 fest of the route centeriine® a7, a7 37 ar a7 37 a7 a7 37
Number of parks or recreational areas within 1 000 fest of the route cenleﬁlne_’___ e o! 0 0 0, o S . 0,
Length of the route across parks.recreational areas o ['M 0 0 ] 0 0 o 0 . 0 0
Length of route through commerciainndustnal areas - _:N e o 15,024 14,356 u“azji 14,701} 14978 - r[g! 1‘ T 13,739 |_4_0_1§ o202 14405 14,461
Length of the raute across croplandhay meadow _ 1,233 1233 1233 1233 1208 1233 1,233 1.2337 1233 1233 1283
Length across pasture o el 3234|2079 265061 203760, 31725 2#2197) 245191 | 2651s5,  275d8s 215151 268367
Length of route across agncultural cropiand with mobse wrrigation systems® o of Q a 0. 0 0 I 0 [
Length of route across upland woodiands . 0 0 [ of 0 g 9 [ 0
Length of oute across niparian areas _» 31788] 23580 A1.746 23998 32013 B 250831 23008 24,168 18994
Length of route across potential wetiands . 2696 2,705? Tsets] | eaw 2,696 2705 5185 ver 1, 5278} 1,667
_Number of stream crossings by the route 40 “ m 40 0 “l a0 40 30 39
Length of routs paraliel to streams (within 100 feet) 2374 2699 2452 21 15T 2115 1914 1914 1914
Length across lakes or ponds (open waters) e e 1200 0 1% 2% 120 o EO“ - 120 120 120
{7, Number of known rare/unigue plant locatons wehin the right-of-way [ R DY 1 1 1 1 N D IRk
N Length of route through known habrtat of endangered or threatened species 95 95 95% 95, 95 95 95 95 95 _ 95 95
O Number of recorded cultural resource sites crossed by the route 0 1 0, 0 [ Q 1 ¢ 0 0 o 0
“Numbar of recorded cuftural resovrces withun 1,000 feet of the routs centerine ) R 1 1 2 o
_Length of 1oute across areas of high archasologicabvstorical sita potential T aa782| 90416 € 727 81915¢ 84782 0416, soz01] 92,157
Numbet of private awsinps witun 10,000 fest of the route centertine 3 o of ol g o T _u+ o
Number of FAA-registered airports with at least one unway more than 3,200 feat In length within 20 000 feet of route centerline T o -
Number of FAA-registerad airports with no runway greater than 3,200 fest In length within 10,000 feet of the route centerline 0
Number of heliports located within 5,000 feet of the route centerine o 0
VNumbor of commercia AM radio d within 10,000 feet of the route con\ern;‘i
Number of FM, microwave and other sfectronic instafiations wrthin 2 000 feet of the route center! e )
Number of US or State Hghway crossings by theroute o
_Number of Farm to Market (F M ) _county roads, o other street crossings by the route .
Estimated length of nght-of-way within foreground w ne of US and State Highways i

Note: All fength measurements in feet  All iinear measurements were obtained from the National Agncuitural Imagery Program digital ortho imagery flown (1 2016-2017 with the exception of areas of high
archaeological/historical site potential which were measured from USGS Topographic Quadrangles The aenal photograph has a provided accuracy of +/- 30 feet *Structures normally inhabited by
humans on a dally or regular basis Habitable structures include but are not imited to a single-family and muiti-family dwellings and related structures, mobie homes, apartment bulidings, commercial
structures, industnal structures, churches, hospitals nursing homes, and schools 2Defined as parks and recreational areas owned by a governmental body or an organized group, club, or church
*Believed to be systems no longer in use
* - Not included in length of route paraltef to existing compatible nights-of-way
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Table 7-2. Environmental Data for Alternative Route Evaluation

Sand Lake—Solstice 345 kV Transmission Line Project

Ahemnative Route Number 210 M 212 213 l 214 ; 215 216 217 ‘ 218 | 219 220 i
Length of altemative route 286202 30094 308 994} 316006 300492 293276 299,288 283774 285537  300280] 308,329
Length of route paraliel to existing electnc transmission lines . 14,535 825 404 40770 68981 26503 12779 40,990 14,535 28,259 54494
Length of route paraliel to ratlroads _ 0 o 0: 0 0 0 0 0 o .o o
Length of route paraliel to existing public roadshighways . o 20,529 18,720 24,871 25679 1 19,720 24,871 25679 19,720 20 529 24 871
Length of route paraliel to pipelines* - 4703 4703, 9068 9,066 9066 11634 13,6341 11604 12,781 17,044
Length of route parallel to apparent property boundaries o "1 Taos72]  ases0’ josek 7856 7,856 13,211 10,502 10 502 32 637 35,345 12 630
Totat length of route parallal to existing compatible nights-of-way : 58.7144 __ 74398 1 83 067 67 444 83,696 57722 42,099 64 351 R 60,839 76463 85132
Number of habitable structures within 500 fest of the route centerline’ : o 37, a7 37 a7 37 37 37 37 a8 38 38
Number of parks of recreatona areas withins 1,000 feet of the route centerine — ; of 0 o 0 0 I 0 Q 0 0 0,
Length of the route across parks/recreational areas B B 0, o 0 0 0 e 0 0 0 0!
Length of route through commercialindustnal areas - 13 440 13,718 13903 14,107} 14,162 14,503 14,558 14,685 14913 15,098
Length of the route actoss cropiand/hay meadow 1,233 1.233 1.233 1233 1283 1233 1288 1203 1233 1,233 1233
Length across rangeland pasture . 236908| 25872 267205 266868, 260084 255 966; 255629| 248845 207,607 257572 267,904
Length of route across agncultural cropland with mobiie Irmgation systems® o 0 R 0 9; 0 o, 4 0 0 0
Length of route across upland woodlands . o 9. 9| ¢ oi 0 0 0 o 9
Length of route across rpanan areas e e N 29,315 27330 25769 28,400 23228 ... 20677 23308 18.13_4. - _27540 25,554 23993
Length of route across potertal wetlands 5185 1671, 1,764 5278 1,667 981 4495 884 4402 888 981
_Number of stream crossings by the route . s .3 39 38 38 38 38 38 38 42 42 41
Length of route parallel to streams (within 100 feet) R 2115, 2115 1914 1,914 1,914 1114 1,114 114 1897 1897 1,696
Length across iakes of ponds (open waters) - T ! 2ol 120 120 120 200 a0 120 120 120 120 120,
m J‘lumbov of known rare/uniqus plant locations within lf:n;hl—oiway . T l} | - 0 0 0 o 0 o
N3 Length of route through known habitat of endangered or threatsned species 95 95 95 95 95 95 95
© Number of recorded cultural resourcs sites crossed by the route o 1 1 1 0~ 0 0
Number of recorded cultural resources within 1,000 feet of the route centerline 1 2 2) .2 0 i 0
Langth of route across areas of high archasologcalvstorical ste potentat - 8914 78305’ 75438] 78305 96593
N te airstrips within 10,000 feet of the route centerine T o 0 of o o o
Nurmber of FAA-registersd arports with at least one ruriway more than 3.200 feet n length within 20 000 feet of route centerine
Number of FAA-registered aiports with N0 runway greater than 3 200 fselin length wthin 10,000 teet of the route centerine
Number of heliports located withwr 5,000 fast of the route centerine .
“Number of cormmercal A adio Eansrtersfocated s 10,000 owt o s ot canterine
Number of FM, microwave and other etegrpnlc. nsta within 2 000 feet of the route centsrine o oo
"Number of US or State Highway crossings by e route T o T & T K
smber of Farm to Matket (F M} county roads, or other street crossings by 16 16 13
‘Estmated length of nght-of-way wittun foreground visual zone of U'S and State - 17145 17,145 17.145
[Estimated length of ight-of-way within visual zone of 0 0

Note: All length measurements in feet  All inear measurements were obtained from the National Agncultural Imagery Program digital ortho imagery flown in 2016-2017 with the exception of areas of high
archaeological/histoncal site potential which were measured from USGS Topographic Quadrangles The aenal photograph has a provided accuracy of +/- 30 feet *Structures normally inhabited by
humans on a daily or regular basis Habitable structures include but are not hmited to a single-family and multi-family dwellings and related structures, mobile homes, apartment buildings, commercial
structures, industnal structures, churches, hospitals. nursing homes, and schools 2Defined as parks and recreational areas owned by a governmental body or an organized group, club, or church

3Behieved to be systems no longer in use

* - Not included in length of route parallel to existing compatible rights-of-way
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Table 7-2. Environmental Data for Alternative Route Evaluation

Sand Lake—~Solstice 345 kV Transmission Line Project

Attemative Route Number 221 222 223 | 224 | 226 | 226 227 28 . 229 | 2% 231
Lenghofatematve rote — B a15042; 209828 958518] 056473, 371215  o40s42| 275267 200010 200050  05.072] 200,558
Length of route paralel o existing slectric ransmission ines ) ) ) 40,770 8981 62703 28,227 41,951 64,257 4386 18110 44345 0621 58832
Length of route paralie to raroads o _ R 3 0 3 ° 0 0 0 0 o ° 0
Length of route parailel to existing public roadsfhighways 25,679 18720 11,568 20,528 19 720 11,568 20,529 19,720 2487 25,678 19720
Length of route paraiel to pipeiines” 17,044 7 12285 12285 12,285 12285 12,207 12207 16570 16570 16,570
Length of route parallel to apparent property boundaries T T - 9921 9921 60106 34 684 37 392 34,684 41203] 43901 21195 18,487 18487
ITotal length of route parale! o existing compatible rights-of-way 69,509 ou7er 127515 76579 92202 103648 592561 74880 Basde  67026| 90178
Number of habitable structures within 500 feet of the routs centerfine: 38 as 38 3| .38 38 ae|’ 38 38 38 as
Number of parks o7 recreational areas within 1,000 feet of the route centeriine? i 0 0 o 0 0 0 : 0 0 0 4]
Length of the route across parksrecreational areas B 0 0 0 [ 0 ) [ Tl T s ... B e 0
Length of route through commerciai/ndustral areas o 1 1sam 15,357 15796 16,173 16450 15783 14000 14288 44Tt 14675 14730
"Longtn of the route across croplandhay meadaw ) 1288|1288 1,233 1233 1,238 123a| | 123) T2 123 1,233 1,233
Length across rangeland pasture _ 267.568) 260783,  205661| 800825 420700 89262, 232317  otaoms  e2eis  262278] 255494
Length of route across croptand with mobile lirgation systems® o 0 o] 0 [ ol [} 0 o o o
Length of route across upiand woodiands ) - ] o o ol o] o o o 0 o o o
"Longth of route across npanian areas - o i T 2sez]  2tas 40234 324861 30501 32302]  23186| 21201 19639 2271 17007
Length of raute actoss potential watiands T s 5.338 5635 2,121 2130 4402 88 981 4495 e8¢
Number of steam crassings by the route 41 43 43 3 47} 43 43 2 42] 42
Length of route paraiel 1o streams (within 100 fest] 1696 2204 2,158 2,156 2481! 1,807 1897 169 1696 1,696
Length across lakes or ponds (open walers) . ~ 120 255 120 ) 20|
M Number of known rare/unique piant locatons within the nght-of-way o T 0 0 1 0
r'\, Length of route through known habitat of endangered or threatsned species 95 95, 95 95
=* Number of recorded cuifural resource sites crossed by the route 0 o' 0 0
Number of recorded cuttural resources within 1,000 feet of the route certterine 0 K 0 0
Length of route across areas of high site potential i i 92,785 95,652 o8 464 90659
Number of prvale aIrstips within 10,000 feet of the raute centerine e T 0 0 o, )
Number of FAA-registered airports with at least one runway more than 3,200 feet In length within 20 000 feat of route centert: 0 0 ol - 0
Number of FAA-registered auports with no runway greater than 3,200 fsst in length within 10,000 feet of the foute centerine 0 0 0 0
_Number of heliports locatsd with 5,000 foet of the route cent R ) o
K of commercial AM radio located within 10,000 fest of the route centerline o T 0
Nuraber of FM, and offer elecironic Witin 2 000 fee of the route centerie 3 1 1
"Number of US or State Highway crassings by the routs O ] T T e 3 3! 3 ] :
Number of Fanm to Market (F M} coun ds, of other street 5ings by the rout ,i, ]} 10 B 10 Al 10 . 1o 0] E 13 10 L L)
“Estimaled length of nght-ot-way within foreground visual zone of U'S and State High Y 18482 28322] 18462 18462, 21070 18462 18462 18.462 18462 18,462
length of nght-of-way wathin f d visuai zone of p areas e ‘ _ 0 0 0 ] . 0 0 0 . . 1

Note: All length measurements in feet  All linear measurements were obtained from the National Agricultural Imagery Program digital ortho imagery flown in 2016-2017 with the exception of areas of high
archaeological/historicat site potential which were measured from USGS Topographic Quadrangles The aernal photograph has a provided accuracy of +/- 30 feet 'Structures normally inhabited by
humans on a daily or regutar basis Habitable structures inciude but are not limited to a single-family and multi-family dwellings and related structures, mobile homes, apartment buildings, commercial
structures, industnal structures, churches, hospitals, nursing homes, and schools 2Defined as parks and recreational areas owned by a governmental body or an organized group, club, or church
*Believed to be systems no longer in use

* - Not included in length of route parallel to existing compatibie nights-of-way
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Table 7-2. Environmental Data for Alternative Route Evaluation

Sand Lake—Solstice 345 kV Transmission Line Project

' Alternative Route Number 232 | 23 24 | 28 | 23 237 | 23 28 | 20 | 241 | a2 |
Length of altematve route i a4s70]  3Wa1a sede2 974575 3861 aa0221] 354963 GsA013 370025 35451[ 403603,
Length of route parallel o existing slectric transmission lnes 0554 44278 70513 56789] 85000 40703;  54427| 8062 66938 95149 88871
Length of routs parallel to rairoads 0 Q 0 0 0 0 [ 0 Q 0 0
Length of route parallel to existing public roadshighways 37,660 36 851 2,001 42810 36 851 37,660 36851 42,001 42810 36,851 28 699
Longth of route paralie} 1o pipelines” 9263 2,263 13625 13,625 13,625 9837 9,837 14,199 14,199 14,189 9,340
Length of route parallel to apparent property boundanes ) 49282 50990 oa274| 2556|2556 20,716 42,425 19708 17001 17,001 67185
Total length of route paraiiel o existing compatible nights-of-way 109 634 125,257 133 927‘ 118,303 l 140,556 1217 126 841 135,510 119,887 142139 177,893
Number of habitable structures within 500 feet of the route centerine’ 37 37 7] 37 a7 37 37 37 37 a7 37
Number of parks of recreational aseas within 1,000 feet of the routs centariine: i o 0 o) of 0 0 0 0, [ 0 0
Longth o the route across parks/recreationl areas o o 3 3 ol 3 0 3 0 0 0 )
Length of route through commerciabindustral areas e 16,849 17,126 17312 17515 17571 16,550 16628 o] 17217 1rem 17.227]
Length of the route actoss croplandhay meadow 1,233 1,203 1233 1233 1,208 1,233 1,233 1233, 1233, 1,233 1233
Length across rangeland pasture L 200008 310873 321206]  ac0sse]  s4oes  zs2es| 302590 ! _ aosm0z|  aa.007

"Length of route across agricultural cropland with mobile imgation systems T D 3 o of %

o routs across upland woodiands o 0 ] o 0
:ngth of route across npanan arsas . ™ 58.697 | 23523

"Langin of oute across potental wetiands T : 5860 2354 27 5,962 2350 5,962
Number of stream crossings by the route 39
Length of raute paralel o streams (within 100 fest) e 3,103
_L!ng&i_at:_ro_s_g lakes or ponds (open waters) - - e 99

IT) Number of known rare unique plant locations within the nght.of-way T T

R, Length of route through known habitat of endangered or threatened species 50 50 50

N Number of recorded cultural resource sites crossed by the route 0 0 0
Number of recorded cultural resources within 1,000 feet of the routs centeriine i 2 s 2 2 2
Length of route across areas of high archasologicabhstorical site potential T T T \los2r| | 118398 100486) 106619 109486 109 193]  112058] 1087151 105285 108151 110963
Number of private airstnps within 10 000 feet of the route centeriine T o 0 o Ty ol 0 s O

" Number of FAA-registered arports wih t least 0n# Rnway mors than 3,200 feet m fength wittin 20,000 feetof route centertne | 0 o o o 0
Number of FAA-registered airports with no runway greater than 3,200 feet in iength within 10,000 fest of the route centerine 0 0. 0 0. 0
Number of hetiports located within 5,000 fest of the route centerline 0 0 0 0 ] 0
Number of commercial AM racio transrmitters located wathin 10,000 foe of the rov ol 0 0 o; 0
Number of FM, and other electronic within 2 000 feet of the route centerlne o 1 1 3 sl 3
Number of US or State Highway crossings by the route MHTH T 2] 2 2 77 7241 - 2
Nurmber of Farm to Market (F M) county roads, of other street crossings by the route B 18] 16 13 13, 13

length of nght-of-way withn wisual zone of U'S_and State Highways 14471, 14471 14471 14471] 14471 !
length of nght-ot-way within visual zone of p arsas 1 of 3 ol of 3 o S 0 o,

Note: All iength measurements in feet  All linear measurements were obtaned from the National Agncultural Imagery Program digital ortho imagery flown in 2016-2017 with the exception of areas of high
archaeological/histonical site potential which were measured from USGS Topographic Quadrangles The aenal photograph has a provided accuracy of +/- 30 feet 'Structures normally inhabited by
humans on a daily or regular basis Habitable structures include but are not hmited to a single-family and multi-family dwellings and related structures, mobile homes, apartment buildings, commercial
structures, industnal structures, churches, hospitals, nursing homes, and schools 2Defined as parks and recreational areas owned by a governmental body or an organized group, club, or church

*Believed to be systems no longer in use
* - Not included in tength of route parallel to existing compatible nights-of-way
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Table 7-2. Environmental Data for Alternative Route Evaluation
Sand Lake—Solstice 345 kV Transmission Line Project

Altemnative Route Number | 243 44 248 246 247 248 249 250 , 251 ; 282 253 }
Lor!gth Dl aitemative route i 401 558 416,301 385928 405,184 403,139 417 881 387,508 343,668 95&!10 367 450 3773‘7472}
Ee@ 77p§ralﬁe| 1o extsting slectnic ransmission lines 54395 68119 ~ 90,426 88.871 54 305 68,119 90,426 30,554 44278 SVGJBQJ
Length of route paraliel to radroads T 0 0 0 ) 0 [ 0 0 o 0 0,
Length of route paraliel to existing public roadshighways H 37,660 36 851 28,699 28 699 36,851 28,699 37,660 36 851 42,001 42810 L
Length of route paraliel to pipslines” - . { 9 340! 9,340 9 340 9,340 9,340 9,263 9,263 13625 12,625
Length of route parallel to apparent property boundanes { 41,763] 44 472 41,763 67185 i 41,763 48,282 50 880 28,274 25 5663
'I;ola;l '599‘?} Lz! foute parallé! 10 existing gompalvblo nights-of-way ! 717239567777!74&@_7 154 026 177,893 154,026 109,634 125257 133 9271 118,303 E
Number of habtable structures within 500 fest of the route centeriine* ~ 37 37 37 37 37 37 a7 37: 37;
Number of parks or racreztional areas within 1,000 foet of the route cen(s}l]r;’ 0 0 ° 0 | o o of 0,
Length of the route across parksrecreational areas . : _ :;7 0 0 0 0 e [ 0 oj 0
Length of route through commerciaiindustnal areas . L 17,604 17,881 7213 17,181 17,558 17.835 17,168 16 596 16,873 17 059} 17,262
Langth of the route across cropiand/hay meadow T 1288 1208 1209] 1233 1298 1238 1233 1233 1233 1,233 1233
Length across rangeland pasture i | 337 202 357,166 325 638 333,439 338,603 358568 327,040 290 033 309,998 320331 319,994
Length of route across cropland with mobile imgation systems® ] 0 o o 0 o 0 c 0 0 0 0
Length of route across upland woodlands e L 0 0. 0 0 0 o o 0 0 o 0
Length of foute across rpanan aréas . L : 38,527 36,542 38,343 46,500 38753 36,768 38 568 29,838 27 853

Length of route across potential wetlands 6893 3.37% ; 3388 6,597 6,893 3 379& 3,388 5869 2,354

Number of stream crossings by the route 41 41 45 4 41 : 41 | 45 41 41

Length of route parailel to streams (within 100 feet) 3,563/ 3.888 3,641 3.563 3563 3,888‘ 3304 3,304 3103 3,103
[ onds (open waters) ' o 234 99 59! 11 R

1 2 1 14 1I

1o Length of route through known habitat of endangered of threatened species 50 s  so s0 §ol 50 50 50 50
W Number of recarded culturat tesource sites crossed Dby the route 1 0 0 0! 1) 0 0 [ 0
v ded cultural rasources within 1,000 feet of the route centerline 3 L. _2_“ 1 2 2 2; f 2 2 ' . 2 2!

-Lsﬂ-ga Jmuu across areas of high archaeologicalhistorical site potental B 103.155 . !0_67,70718 111 653 110,963 103,152 106 018+ 1M BSQj 110 527 1 1;5;3 " |0§ '486 ‘(]6.5‘5{

Number of private AiTtrips within 10,000 feat of the route centertine ol o 0
‘ﬁu;tr)re;;f};krogysured airports with at least one nway more than 3,200 feet In length within 20 000 feet of route centerline R OI 0

Number of FAA-registered airports with no runway greater than 3 200 fest in length within 10,000 feet of the route centeriine 0l 0’

Numoer of hellports located within 5,000 fest of the route centerine ol o
:7‘\1‘()‘!&!‘}9‘; O; commarcial rxﬁrﬂiﬂdlg A_Ig_mtad wnz\_m 10,000 fest of the route centerine e .—M-J T ’IL___ ——

N » centeriine 1 1

2 2,

Number of Farm to Market (F M) county roads or other sirest crossings by the route = _ 13 18

Estimated length of nght-of way within foreground visual zone of U S and State Highways [ A7t 1ad71 17979 17979 14,471, 14471 14471 14,4711
Estimated ler ight-of way within wisual zone of areas 0 0 . S 0 ° 0

Note: All length measurements in feet  All linear measurements were obtained from the National Agricultural Imagery Program digitat ortho 1magery flown in 2016-2017 with the exception of areas of high
archaeological/historical site potential which were measured from USGS Topographic Quadrangles The aenal photograph has a provided accuracy of +/- 30 feet 'Structures normally inhabited by
humans on a daily or regular basis Habitable structures inciude but are not imited to a single-family and multi-family dwellings and related structures, mobile homes, apartment builldings, commercial
structures, industnal structures, churches, hospitals. nursing homes, and schools 2Defined as parks and recreational areas owned by a governmental body or an organized group, club, or church
*Believed to be systems no fonger in use

* - Not included in length of route parallel to existing compatible nights-of-way
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Table 7-2. Environmental Data for Alternative Route Evaluation
Sand Lake—Sofstice 345 kV Transmission Line Project

Alernative Route Number 254 256 | 258 { 257 258 259 ; 280 261 ¢ 262 ; 263 264 :
Length of altematve route B 357958| 339318 O54081)  363.110] 069123 350608| 046392 952405 506890  938654| 350,396,
Lengh of route parallel o existing slectnc transmission nes 85,000 40708 sS4z 80662 6908 ost4e) 52671 38,947 67.158 40,703 54427
Length of route paralle! to rairoads o o o o o o o o o 0 o ol o
Length of route parailel to axisting public roadshighways 36851 37 660 36,851 42,001 42 810 36,851 | 42,001 42.810 36851 37,660 36 851
Length of route paralel to pipelnes” 13,625 9807 9807  1e1es|  ares a1 16767 16767 16,767 17915 17915
Length of route parallel to apparent property boundarnes 25,566 39716 a2425] _19709] 17001 17001 22355 19647 19647 4782 44490
Total length of route paralel k existing compatible rights-of-way 140 556 !11".@12*1 126 841 135510 119,887 142139 110 165 [7 | 94542 116,794 113283 128,906
Number of habitable structures within 500 feet of the routs centerine’ 37 a7 a7 37 7! 37 a7 37 37 38 38
Number of parks of recreationa areas Wit 1,000 fest of the route centerine: 0 o ) T o o] o 0 ) o o'
Length of the route across parksitecreational areas R 0 0 0 0 L. 0 0 0 0 0
Length of route through commercialindustrial areas i 17318 16,267 16575; 16,760 16964 7018|1756 17360 17415 17492 17,770
Length of the route across cropland‘hay meadow 1,238 1293 1233 1233 tasms | 1233] 123 1,288 1233 1,283 1.233
Length across rangeland pasture . 513210 281751, 301.715] 312048, _ 311711 304927)  300808) 300472 203687 262450 302414
" Length of route across agncultural cropland with mobile irngation systems® T [ o o 0 0] R o o
Length of route across upland woodiands ] o] ) o} [ 0 q

o
. —
22 889 32,204

Length of route acrass npanan areas e o . 30,523 33 154 27981, 25431 ‘ 28,062 B
Length of route across potental wetlands 2447] 59 2350 Yest]  sus 157, sosel
Number of stteam crossings by the ot . P 39 39 e 38, 39 39 48]
Length of route paralle! to streamns (within 100 feet) L i 3108 3103 3108 2,308 2303 2,303 3086
Length across lakes or ponds (open waters) o | i 99 o 9l s 99 99 99!
m Number of knovm‘rar;/“\;nquo plant locations within the v;gih(;!r\;ay o _ o ’ 1 T \# . t 1‘ 1 0 0 o, _ 91
. 50 50 ~ gi 50, 50 50f 50 50‘ 50 . _s0f 50
B Number of recorded cultural resource sites crossed by the route o o o o[ o 0 1 1 1 o 0
Numbser of racorded cultural resources within 1,000 feet of the routs centertine 2 2 2} 2, .2 2, B8 .= .3 0o 1
Langth of route across areas of high archasologiablystonical ite potental ] 105285 108151 95576 sese 120,796
“Nu ate airsinips within 10,000 feet of the route centerine T

Number of FAA-registered airports with at least one runway more than 3,200 feet in tength within 20 000 feet of route centerine

Numbaer of FAA-registered airports with no runway greater than 3,200 feet in ength within 10,000 feet of the route conterline

Number of AM radio ocated within 10,000 feet of the foute centrine
Number of FM, microwave and other elecironic ins s within 2 000 feet of the route centerine

Number of US or State Highway crossings by the route
rm to Market (F M

ther strest crossings by the route

length of nght-of-way within visual zone of p areas

Note: All flength measurements in feet  All inear measurements were obtained from the Natonal Agncuitural Imagery Program digital ortho 1magery fiown in 2016-2017 with the exception of areas of tigh
archaeological/mistorical site potential which were measured from USGS Topographic Quadrangtes The aerial photograph has a provided accuracy of +/- 30 feet 'Structures normally inhabited by
humans on a daily or regular basis Habitable structures include but are not Itimited to a single-family and multi-family dwellings and related structures, mobile homes, apartment buildings, commercial
structures, industral structures, churches, hospitals. nursing homes, and schools 2Defined as parks and recreational areas owned by a governmental body or an organized group, club, or church
’Believed to be systems no longer in use

* - Not included in length of route parallel to existing compatible nghts-of-way
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Table 7-2. Environmental Data for Alternative Route Evaluation
Sand Lake—Solstice 345 kV Transmission Line Project

Attemative Route Number 265 | 26 ;27 | 28 | 29 | 20 | 2m 72 am | as |
Length of altenative routs 62446] 363458 352044] 411,634 400589 424331|  893950|  G2838e 343,126 952176 356,188
Length of route paraflel to existing sleciric transmission ines 80,662 66938 95,149 88871 54395 68118 90426 30,554 w278 70512 56788
Length of route parale! to raioads 0 0 0 of o o 0 0 o o o
Length of routs parallel to existing public roads/ighways 42,000 42810 36,851 28699) 37680 36851] 28,699 37,660 36 851 42,001 42810
Length of route parale! to pipslines® B 22277 22,277 22277 17418] 17418 7418l 17418 17341 17,341 21703 21,703
Length of route paralle] to apparent property boundaries o T Tz 19 066 19066] 69250 43820, 46537 43829, 50247 5305 30,340 27 632
Total length of route paraiil 1o existing compatible tights-of- - 197576 121952 144204]  170958] 120022  144645|  156091]  1118e9 127323 135902] 120,369
Number of habitable siructures within 500 fest of the route centerine' ) o 38 % 38 38 a8 E 38 38 as 38
Nurber of parks of nal areas within 1,000 feet of e route centerine? ] 3 o 3 3 o Tl 3 0 3 3 0
Length of the route across parks/recreational areas . 0 0 o 0 o 0 0 0 0 [ ol
Length of route through commercalindustnatareas 17,955 18,158 18214 18,653 19,080 19307 18,640 16 866 17,143 17328 17,532
Length of the route across croplandhay meadow _ 1233 1,233 1,293 1233 1233 _‘ 233 1,233 1,233 , 1233 1,233 1233
Length actoss rangeland pasturs e 312747 312410 305626| 340503 345668 365632)  334905| 277160 207125 907457) 307,121
Length of route across agncultural cropland with mabsie rngation systems® 0 o ) 0 0 [} o o
Length of route across upland woodiands i [ of o g q 0 o I
Longth of route across nparian areas - - 28,747 e 3525 37056 5955 24304 27025
Length of route across potentil welands o o 1664, 5,178 1,567 6022 6319 2804] 2814 1571 1664 5179
_Number of stream crossings by the route . 42 42 42 44 44 , 44 _ 48 44 4“4 43 43
Length of rauts paralielto streams (wihin 100 feet) L 2865 2,885 2,885 s42a]  ams 3345 3,670 3086 3,086 2885 2,885
Length across lakes of ponds (open waters) o o 99 e 9| a4 99 oe 1 99 e % 59
rn,N“"’b" of known rare‘unique plant iocatons within w; r;g;hljo;way - ~ 0 0 o 1 0 o 0 .0 .—5 0
1R Length of route through knowr habitat of endangered o threatened species . 50 50 50| 50 50 50 50 50
OV Numbsr of recorded cuitural resource sites crossed by the route 0 o 1 0.
. Number of recorded cultural resources witin 1.000 feet of the routs centeriine o 1 1 2l 1
_Length of route across areas of Pigh archasologicaltustoncal site potental i [ rses via7ssi  1203%0] 11543
Nur f pllv;{l arrstnps within 10,000 feet of the mu?e - . 0 0] 0 B 0
Number of FAA-registered aiports with at least one runway more than 3.200 feet In lengih wilhin 20 000 feet of oute centerine 0 o 3 0
Number of FAA-registerad airports with no runway greater than 3,200 feet in length within 10,000 feet of the routs centerine o 0’ 0 [
[} o' o [
 loc 'Dme;ﬂi:’;l"e T 0
Number of FM, microwave and other electronic in within 2 000 feet of the raute °!;“M‘L", o e
Number of US or State nghlwﬂ crossings by the route R
Number of Farm to Market (F M) county roads of other street crossings by the
length of night-of-way within

Note: All fength measurements in feel  All finear measurements were obtained from the National Agncuitural Imagery Program digital ortho imagery flown in 2016-2017 with the exception of areas of high
archaeological/historical site potential which were measured from USGS Topographic Quadrangles The aenal photograph has a provided accuracy of +/- 30 feet 'Structures normally inhabited by
humans on a daily or regular basis Habitable structures include but are not kmited to a single-family and multi-family dwellings and refated structures, mobile homes, apartment bulldings, commercial
structures industrial structures, churches, hospitals nursing homes, and schools 2Defined as parks and recreational areas owned by a governmental body or an organized group, club, or church
“Believed to be systems no longer in use
* - Not included in tength of route parallel to existing compatible nghts-of-way
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Table 7-2. Environmental Data for Alternative Route Evaluation

Sand Lake—Solstice 345 kV Transmission Line Project

' Aternative Route Number 278 217 s 279 280 | 281 | 282 23 . 24 | 285 286
Length of altemative route . 342874 320857 329,860 314,355 267,199 273 2124 257698] 250 461 274,203 283258 289,266
Length of route paralle! to existing slectnc ransmissian nes ! eso00 48285 34,561 e2772) 22 117j 8393 36,604 10,149 23873 50,108 36384
Length of route paraliel to rmilroads . | o 0 0. 0 0 0 o 0, 0 0 0
Length of route paralie} to existing public roadshighways - H 36,851 31 427 32,235 26 27Gi 20 629 21,438 ]5‘479 16,287 15479 28,629 21438
Length of route parallel to pipelines” R 21,703 6,534 6 534 6,534 8174 8174 8,174 9,322' 9,322 13684) 13684
Length of route paralle) to apparent property boundaries T a7602] 225 19,647 196471 27004 24295 24295, 46430 w0138 26423 23714,
Totat length of route parafiel to existing compatibie rights-of-way ] 142 22-1 B 95.205‘ 79.581 101,834 62,888 47,27@94* 69,5\6: 66 005 81,628 _ 90298 74,674
Number of habitabie structures within 500 feet of the route centertine’ 38 a7 a7 37 38 38, 38 g 39 39 39
Nurmber of parks of recreational arsas wifin 1000 feet of he route centertine i 3 3 o of o of o 0 o 3 3
Length of the route across parks.recreational areas i 0 0 o ol 0 of 0 [ 0 0 o
Length of routs through commercalindustral arsas B o 17,587 16,236 16 440 16,495 13,504 13708 13,763 13840, 14118 14,308 14,507
Length of th route across cropland/hay meadow 1,233 1,233 1,233 1238 1,233 1233 1,233& 1233, o33 [ 1233

' Length across rangeland pasture 300,336 282,007 281671 274,886 233,317 232 980 226196, 214,958 234,922 245255) 244910

"Length of route across cropland with mobsie imgation systems® 0 0 0 0 9 o! of 0 [ o o
Length of route across uptand woodlands o 0 o 0 : Q 0 0 0
Length of route across npanan areas i . 21,861 21963 24,595 15141 21,000 23631

‘Length of roLte across potential wefiands T - 1567 2318 5802
Number of stream crossings by the route 43 36 3;

gth of route paraliel to streams (within 100 feet) . | 2885 2977 29771
lEcngm |crcssla_l§os or _p_onds (open waters} _ L 99 . 929 ]
m thbarg'ingm rare/unique plant locations wﬂhlnitho nght-of-way . T ;g | 0‘\ [
"\, Length of route through known habitat of endangered or threatened species R ' 504 50 50
=] Nurmber of recorded cultural resource sites crossed by the route B o} 1 1
Number of racordsd cultural resources within 1.000 fes! of the route centerine ) 1 4 !
Length of route acn;s areas of high amfﬁilologl(iilr‘hls(ﬂncal site potential e 1; ) —— 114 392 101,634 98768
Number of private airstrips within 10 000 fee! of the route centerine 0 o 0

"Number of FAA-registersd arports with at least o runway more than 3,200 feel In length within 20 000 feet of route centerine o o 0 0

Number of FAA-registered arports with no runway greater than 3,200 feet In length wnhju 0,000 feet of the route centerline 0 0 0 0
________ _ _ o o o 0
Numbet of commercial AM radio located wittun 10,000 feet of the route centariine i o o 3 o

Numbet of FM, microwave and other slectronic instaliations within 2 000 lset of the route centeriine @y .8 0 } o1

Number of U S or State Highway crossings by the route o _ T T 2 2 2! 3
\ds, Of other street crossings by the route 10 12 12 12 @ 8 9
visual zone of U'S ang State Hghways T Tisgee|  vaze 20050 20050, 20050

und visual zone of parkire: areas A ____J: | R [ 0) 0!

Note: All length measurements in feet  All inear measurements were obtained from the National Agncultural Imagery Program digital ortho imagery flown in 2016-2017 with the exception of areas of high
archaeological/istoncal site potential which were measured from USGS Topographic Quadrangles The aenal photograph has a provided accuracy of +/- 30 feet 'Structures normally inhabited by
humans on a daily or regular basis Habitable structures include but are not imited to a single-family and multi-tamily dwellings and related structures, mobile homes, apariment buildings, commerciat
structures, industnal structures, churches, hospitals nursing homes, and schools 2Defined as parks and recreational areas owned by a governmentat body or an orgamized group, club, or church

*Believed to be systems no longer in use
* - Not included in length of route parallel to existing compatible nights-of-way
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Table 7-2. Environmental Data for Alternative Route Evaluation
Sand Lake—Soistice 345 kV Transmission Line Project

Aternative Route Number 287 288 289 2% } 291 | 292 293 294 ] 295 ‘1 298 297
Length of afternative route 273751 332,442 . 330 396I 345,\391 314,766 249191 263933 272,983 278,996, 263,481 240,433
Length of route paraliel to existing #lectrc ransmission lines 64,596 58317 23841 37565, 50872 0 13,724 39,959 26 235“ 54,445 0
Length of route parallel o raiiroads 0 0 0 0 0 o 0 0 0 0 0
Length of route paraliel to existing public roadshighways T isame 7326 16,287 15479 7,326 16267 15479 20,629 21438 15479 16267
Length of route paraliel to prpelines” - 13,684 8825 825 8.825 8825 8748 s748] 13 13110 13110 570
Length of routs paraliel to apparent propeity boundarnes B 23,714 73 899 48,477 i 51185 48 477 54,996 57,704 34,988 32 280 32,280 52 931
Totallength of route paralle to existing compatible fights-of-way T Toeeer| 13280 81744]  e7368] 108813 64422 80,045 88715 73,091 95343 62,356
Number of habtable structures withn 500 feet of the routs centerine" 38 N 3 3 39 £ 39 35 39 39 38
Number of paris or recreational areas within 1,000 feet of the route. centerline? e 0 0 _ 0 0 o . 0 o 0 0 0,
Length of the route across parks/recreational areas ) [) [) ) o [ [ [} o [) [) [y
Length of route through commarcialindustnal areas o e = 14562 15,001 1537 15,855 14,988 13218 13491 13676, 13,880 13935 11,402
Length of the route across croplandhay meadow 1238 1293 1233 1233 123 1 1,233 1,233 1,238 l 1 233‘?‘ 1233 1233
Length across rangsland pasture 1 238134 273,01t 278176 298,140, 266,613 209 668 229,633 239 966 239,629 232 844 201,728
Length of route across agncultural cropland with mobiie irngation systems® B 0 0 [ 0 0 9 0 ol 9 0]
Length of route across upland woodlands ~ of 0 of o [ o o o
Length of route across ripanan areas 27,508, 29 309 . 20183 ! 18 2061 1&6&_5‘ 19278 14,104 EE
Length of route across potential wetlands - 2522 esm1 | 4803 1289)  1am2 asos | 1284 5586
Numiber of stream crossings by the route 24 20) 20! 19 19 19 17
Length of route parailel to streams (within 100 feet) 1,366 783; 783
Length across lakes of ponds {open waters) - e 80 80

[T Number of known rare/unique piant locations within the n;h(—rorl-v’ay 1 , - 1 1
Ro Length of route through known habtat of endangerad or threatened species . 63 83 63
™~ Number of recorded cultural resource stss crassad by the route 1 0 0

_Number of recorded cultural resources within 1,000 feet of the route centeriine _ e 0 0j

Length of route across areas of high site potential - o 74280 seaws| 72170

“Number of prvate airstrips witfun 10,000 feet of the route centeriine T 0 of o]

Number of FAA-registersd arports with at least one runway more than 3,200 fest in Isng!h;rhnr:z feet of route centeriine o o$ 0
Number of FAA-registered airports with no runway greater than 3,200 feet in length within 10,000 fest of the route centerline 0 0 0
Number of heliports located withi: 5,000 fest of the route centerine _ o 0 0,

"Numbet of commercial AM radio located within 10,000 faet of the raute contertine 7_‘ —— B L el .8
Number of FM, microwave and ofher sisctronic installations within 2 030 feet of the route centeriine A2

'Numbov ofU S' (;visiawa}jlgh crossings by the rél-n; o R o I
Numbes of Farm to Market (F M) _county roads, or other sireet crossings by the route R

K o0 length of nght-of-way within foreground visual zone of U § and State ngh_w?ys: 25 124

length of right-of-way within visual zone of tonal areas a ¢

Note: Alf length measurements in feet  All inear measurements were obtained from the Nationai Agncuitural Imagery Program digital ortho imagery flown in 2016-2017 with the exception of areas of high
archaeological/historical site potential which were measured from USGS Topographic Quadrangles. The aenal photograph has a provided accuracy of +/- 30 feet 'Structures normally inhabited by
humans on a dally or regular basts Habitable structures inciude but are not limited to a single-family and multi-family dwellings and related structures, mobile homes, apartment buildings, commercial
structures, industnal structures, churches, hospitais. nursing homes, and schools 2Defined as parks and recreational areas owned by a governmental body or an orgamized group, club, or church
*Believed to be systems no longer in use
* - Not included in length of route parallel to existing compatible nghts-of-way
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Table 7-2. Environmental Data for Aiternative Route Evaluation
Sand Lake—Solstice 345 kV Transmission Line Project

' Altemative Route Number 298 299 300 301 302 303 304 308 - 306 307 308 |
"Length of aftemative route ) 255176 264225 270238| 254724 236084 250826  250876| 265888 250374  209466| 297421
Length of route paraltel to existing electnc ransmission hres 13724] 39959, 26235 S4adsi 10149 23873 50108 a4 64596 58,317 23841
Length of route paralie! to ralroads - 0 N 0 a 0 0 9 0 i} 0 0
Length of route parallet to existing public roadsiighways i 15479 20629 21,438 15479 16,287 15479 20629 21438 15479 7,326 16287
Length of route parafieito pipeines” i ] 670 5032 5082 5,082 1244 1244 5608 5,506 5606 747
“Length of route paraliet o apparent proparty boundaes o T sse00 32923 30215 30215 44365, 47073 24357 21 649 21649 71834
Total length of route paralel © existing compatible rights-of-way_ 77960 86648 71026 93278 63940, 79563 86,233 72 609 94,861 130615
Number of habitable structures within 500 feet of the route centetline! I R 38 38 38 38 L .1 N 38 38 38 38,
Number of parks o recreatonai areas within 1,000 feet of the route centerline? R 0 0 0 0 l 0 0 Q .0 0 0
Length of the raute across parks/tecreational areas e o 0 [ [ [ o o oo [} o
Length of route through commercialindustnal areas o 11,680 11,865 12 069 12,124 11,104 Tl ast 11,567 11770 11,526' 1n78 12,157
Length of the route across croplandhay meadow B 1,233 1,233 ' 1233 1 27334‘7 1,233 12334 1,233 1.233‘ 1233 1,238 1,233 ]
Length across rangeland pasture _— 21692 232,025, 231,688 224,904; 193,445 213 409; 223 742 223 405 216,821 242 856 248,021
Pl‘.e—n—gvl;\—o—I MT; a_cA:;s‘s‘agnculwral cropland with mobile imngation systems® 0 o 0 o © 0 o \ 0 0 0 "
Longth of route 0 [} [ 0 ] 0 0. 0 [ of o
Length of rout - o 18419 16,857 19,480 14315 24 636 22651 21089 23,721 18 547 37067 20319
Length of route acioss potentil wetlands ! - 1T 2o 2164 se79] 2067 5,586 2072] 2184 5679 2067 6aM4] 6,611
Number of stream crossings by the route ~ N 17 16 16] 16 16‘ 16 15 \5‘ 15 o7 17
Length of route parallef to streams (within 100 feet) o 1001 799 798 799 1,001 1001 799 799 780 1338, 1260
"Length across lakes o ponds (open waters] — S s a0 80| o % 80 I 80 215 20
1 Nimbar of Known ar e lantocators wihn e gty 1T T . oy
,'\, Length of route through known habitat of endangered or threatened species 63 63 SBT 63 83
©O Number of recorded cultural resource sites o 0 0 0 0
" Number of recorded cultural resources wittun 1,000 feet of the route centeriine 0o 1 B 1 '

Length of route across areas of figh archaeologicaihstarical site potental o _e72e4] 6335 60489
phvate airstrips within 10,000 feet of

Number of FAA-registerad airports with at least one nnway more than 3,200 feet 1n length within 20 000 feet of route centerline

Number of FAA-registersd airports with no runway greater than 3,200 feet in length within 10 000 feet of the route centeriine
Number of heiiports located within 5,000 feetof the route centerine
Number of AM radio ors located within 10,000 fost of the route canterine

withm 2 000 fest of the Toute centerline

o] 10 13
20298  20288] 20288
0

y within
y within foreg wisual zone of

.1

Note: Al iength measurements in feet  All inear measurements were obtained from the National Agncultural Imagery Program digital ortho imagery flown in 2016-2017 with the exception of areas of tuigh
archaeological/historical site potential which were measured from USGS Topographic Quadrangtes The aenal photograph has a provided accuracy of +/- 30 feet 'Structures normally inhabited by
humans on a dally or regular basis Habitable structures include but are not hmited to a single-family and multi-family dwellings and refated structures, mobile homes, apartment buildings, commercial
structures, industral structures, churches, hospitals. nursing homes, and schools 2Defined as parks and recreational areas owned by a governmental body or an organized group, club, or church
*Believed to be systems no longer n use

* - Not included in length of route parallel to existing compatible nights-of-way
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Table 7-2. Environmental Data for Alternative Route Evaluation
Sand Lake—Soistice 345 kV Transmission Line Project

Altemative Route Number [ 309 310 311 312 1 313 314 315 316 i 7 | s 319
Length of altematve route ’ 312183 2§L790‘ 301047 299,002 i 313,744 283 371 239,531 254,273 263,323 269,335 253,821
! Length of rotite parallel to existing slectric transmission lines 37,565 58,317 23,841 59,872 0 13,724 39,959“ 26235 54446
Length of route parallel to ralroads — [ 0 o o 0 0 0 o 0
Length of route parallel to existing public roadshighways e 15,479 7326 7,326 16 287 15 479 7,326‘1 16,287 15,479 20 528 21.438] 15 479
Length of route parallel to pipelines* 747 74747 747 747 747] 670} £70 5,082 5032, 5,082
Length of route paraliel to apparent property boundares wl B 49,120 46412 71 ,gi ) M;Ei{z 49120 i 46,412 52,931 55,639 32923 30,215 30215 l
Totaf length of route paratiel o existing compatible rights-of-way i 95302| 106,748 130 615] 79,679 95,302 106 748 62,056 | 77 880 86,649 71026 9337;{
Number of habrtable structures within 500 fest of the routs csnteriine' 38 38 38 38 38 38 38 38 38 38 38,
Numbar of parks or recreational areas within 1,000 feet of the route centeriine? i 0 0 M:Ew o 0 0 B l 4 . 0 .o 0 0;
Length of the route across parksirecreational sreas : 0 [} [ 0 o [ [) [) ol
Length of route through commerciai/indusinal areas . 12435 11,767 11735 12111 12,388 11427 1_!,91_2‘7 11818 11,871,
Lengmioj ﬂ’!’ route across cropland’hay m",dolﬂ, 1,283 1238 1,233 N 1233 1.233 . !'233, 1233 1,233 1233 H
+ Length across rangeland pasture = 267 985 236,458 244 258 | 249,422 269,387 237 859 200,853 220 91_7(77 231,150 230813 224,029
Length of route across cropland with mobis 1mgahon systems® - 3 0 0 of 0 3 0 o o o "o
[ o [ [N 9 4 9 [}
Length of route panan areas 20,544 275% 29360 206291 18 644 17 083 19714 14 540
Length of route across potential wetiands 661t 396 3108 sses; 202 284 56T 2,067
_Number of stream crossings by the routs 17 17 21 ___ 17 16 18 16
Length of route parailel to streams (within 100 feet) 1,260 1,2§L 1584 1.001 1001 799 799 799
Length across akes or ponds (open waters) _ s so] 8 02 . 80 80 80
T _Number of known rare/unique plant locations within th- nghmiw;y T i : 1 . T 1 T 1 K al 1
"\J _Length of route through known habxtat of endangered or threatened species e 83 AL 83 63 63 83 63 63 63 63
€O Number of recorded cultural resource sites crossed by the route of 1 o 0 0 1 0 0 0 0 o}
Mr of recorded cultural resources within 1,000 feet of the route centerline e e U R 2 1 I 1 1 2 1 o1 oo ___'.1
LLEPETLO!LO&\O across areas of high IOYIC?l site potental o I 59,8%& . 65,523 64,833 57022, j’g.m 65523 | N i‘ 39_7J 63,356 . ’S_l?li?g"— - 6g.7375§_
Number of private aurstrips within 10 000 feet of the route centerine ] of o o) 0 [} of K] R
Nurmiber of FAA-registered arports with at least one runway more than 3,200 fest n length within 20 000 feetof route centerine | 0| o i 0 : 9 3 o o
Number of FAA-registered airports with na runway greater than 3 200 feet in length within 10,000 fest of the route centerline l 0 [ Q 0 o 0
_Number of heliports loca route centerine _ ol N 0, 0 0 0 o
Number of commercial AM radio jocated within 10,000 fest of the route cents, | o 0 o 0 0
Number of FM, and other electronic instal within 2 000 fest of the route centerine . L vvvvv 0 0 2 2
Number of U'S or State Highway crossings by the routs e I 3 3 3
Number of Farm to Market (F M} county roads, of other strest crossings by therouts 1B
Estimated fength of nght-ot-way within foreground visual 20ne of U S and State Highways o .20208)

ted fength of nght-of

y within

wvisual zone of p

0

Note: All length measurements in feet  Ail inear measurements were obtained from the Nationat Agncuitural imagery Program digital ortho imagery flown in 2016-2017 with the exception of areas of high
archaeological/historical site potential which were measured from USGS Topographic Quadrangles The aenal photograph has a provided accuracy of +/- 30 feet 'Structures normally inhabited by
humans on a daly or regular basts Habitable structures include but are not Iimited to a single-family and multi-family dwellings and refated structures, mobtle homes, apartment builldings, commercial
structures, industnal structures, churches, hospitals. nursing homes, and schools 2Defined as parks and recreational areas owned by a governmental body or an organized group, club, or church
“Believed to be systems no longer In use
* - Not included in length of route parallel to existing compatible nghts-of-way
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Table 7-2. Environmental Data for Alternative Route Evaluation
Sand Lake—Solstice 345 kV Transmission Line Project

Altemative Route Number 320 321 22 323 324 @ 325 326 321 28, 3N 330
' Length of afternative route - 235181 249,923 258973 264,986 243471 283722 281677 206,418 266,046 278 897 293,639
Length of route paraliel to existing electnc ransmission lines 10,149 50,108 36,384 64596 58,317 23841 37,565j 59872 0 13724
Length of raute paraliel to raiiroads 4 4 0 0 0 0 0 0 0 0
Length of route paraliel to existing public roads/highways 16,287 15479 20,629 21438 15,479 7.844 1 16,805 15,996 7 844 16,805 15.996
Length of route paraliel to pipelines' . 1244 1.244 | 5606 5,606 5606 747 747J 747 747 870
Length of route paraliel to apparent property boundaries | 44,365 47,073 24,357 | 21,649 21 648 78,749 53327, 56,035 53 327 75693
TOlaIlfr}g(h of route parallei to axisting companblopgms:o!-way i 53.94(7)* 777779,563{ 88,233 o 72,609 94,861 ) 138047 87.111 71072”7??‘ 114,180 82028 98551
Number of habitable structures within 500 feset of the route centerline* ' 38 38 38 38 38 a7 a7 37 37 37 37
Number of parks or recreatonal areas within 1,000 feet of the route canterling? 0 0 0 0 0, 0 o o 0 o 0
Length of the route across parksirecreational areas ] o 0 0 0 0 o 0 0 0 o o
Length of route through commercalindustnal areas . e 10.851 11,128 113145 11517, 11,573 9936 10,313 10 580 9,923 11791 12,069}
Length of the routs across croplandhay meadow . 1,233 1,233 1233 1233] 1,288 1,233 1,233 1233, 1233, 1,232 1233,
' Length across rangeland pasture R . 192 570 212,534 222 867 222,530 215,746 231612 236,777, 256,741 1 225,214 238 868 258,833
Langth of route across agncultural cropland with mobile smgation systems® . [ 0 0 o 0 [ LH 0 o [} [
* Length of route across upland woodlands 0 0 o 0! o 0 0 o
“Length of route across rparian areas . 23,946 18772 35256, 27508 25,523 27324 22,183 20 198
Length of route across potential wetlands . 5,679 2,087 5470, 5,7665 2252 2,261 4741 1,227
Number of stream crossings by the route L . Lo 15 18 18 22 18 18
Length of route paraliel to streams (withun 100 feet) e . - i ! 799 3,125 3125 3 450 2 866 2,866
Length across lakes or ponds {open waters) o 80 80 80 92 80 80!
mi‘imbi! of known rare‘urique plant locations within the nght-of-way 1 1 1 1 Kl i 3‘ 3 8 3
&, Length of route through known habriat of endangered or threatened species 83 63 6 63 10532 10,532 105632 j0,§32’ 10 532
© Number of recorded cultural resource sies crossed by the route 5 0 0 0 0 1 1 2. 1 1
"Numbar of racorded cultural resources within 1,000 fest of the routs centerine e N R S 1 1*‘ 1 1 1 M 2 1 1
Length of route across areas of igh arcrneologlcalﬂvs_tqr_xz_:al site potential 63,063 65,929 62 021 59 155 62,021 72768 64,957 67,823 73458 72332 75,‘1&
Eu;b:r F;;v;;le arstnps within 10,000 feet of the route conterine R __' T L = i?i B 0 0 [ B 0 0 0 : B l_) - T
Number of FAA-rsgistered aifports wath atleast ane rurway mare than 3.200 feet 1t length withr 20 000 fest of oute contertine | 0| T
Number of FAA-registerad airports with no runway greater than 3,200 feet in length within 10,000 feet of the route centerline 0 0
_Number of heliparts located withn 5,000 fest of the route centerine ~L R .0
Number of AM radio ransmitters iocated within 10,000 fest of the route canterdine ; 0 0
3000 feet of the route Dtnil:i‘ o -0 T 1
! 3 3
77777 13 8| 8
Estimated length of nght-of-way within 20298 20,298 - - > __°311 7; 23,118
[Estimated length of nght-of way within I 8 Yy

Note: All length measurements in feet  All linear measurements were obtained from the National Agncultural Imagery Program digital ortho imagery flown in 2016-2017 with the exception of areas of high
archaeological/historical site potential which were measured from USGS Topographic Quadrangles The aenal photograph has a provided accuracy of +/- 30 feet. 'Structures normally inhabited by
humans on a daily or regular basis Habitable structures include but are not hmited to a single-family and muiti-family dwellings and related structures, mobile homes, apartment buildings, commercial
structures, industnal structures, churches, hospitals, nursing homes, and schools 2Defined as parks and recreational areas owned by a governmental body or an organized group, club, or church
*Believed to be systems no fonger in use

* - Not included in length of route parallel to existing compatible nights-of-way
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Table 7-2. Environmental Data for Alternative Route Evaluation
Sand Lake—Solstice 345 kV Transmission Line Project

Atemative Route Number S 332 333 | 334 | 335 © 336 | 33 338 . 33 | M0 341 |
Length of alternatve route . i ou2ees| soa7o2  2ss 1373 274547| 200290  298G39| 304052 288838 263,107, 277844| 206,893
Length of route paraliel to exisiing electnc ransmission lines o 39,959 26235 514564 10 HQi 23873 : 50,1 08]'l 36384 64,596 ! 7 92,5., 21,648 47834 i
Length of route paraliel to rairoads [ 9 [ 0 [ o! 4 0! 0 o! 0]
Length of route paraliel to existing public roadsighways . 21,146 21955 15,996 16805 | 15 996 21,146 21,955 15,996 16 287 15479 20629
Langth of route paraliel to pipelines” — 5032 5,032 5032 1,244 1 1244 5606 5606 5,606 13207 18237 17,599
Length of route parallel to apparent property boundanes 52,977 50269 50,269 | 84419 67127 44,412 41,703 41,703, 50 886 53,594 30878
Total iength of route parallel 1o existing compatible nghts-of-way T Torz2 91,597 13 s§of 84511, 100135 108 804 93,181 115433 68236 83,860 92,529
Number of habitable structures within 500 fest of the route centerline’ . 37 a7’ a7} 37 37 37 37 a7 3 37 a7
ﬂm_l?:’_n' parks ot recreational areas within 1,000 fest of the routs centeriine? . _— 0 0 01 0 0 0 o L " Lo 0
_Length of the route across parks/recreational areas _ - o 0 0 0 0 o L 0 L o
Length of route through commercialindustnal areas e o 12,254 12,458 12,513 11,493i 11,770 11‘955! 12,158 12,215 - A_L"?E_,.- 12,082 12,267 §
Length of the route across cropiand/ay meadow 1,233 1,233 1233 1233 1,233 1,233 1,233 1,233 1233 1,233 1233
Length across rangsfand pasture e 260165 268829 262044| 200585, 250,550 260883; 260546 253762’ 223205 243170] 253,502 |
Length of route across cropiand with mobife iigation systams’ [ o 0 B 0
oute across upland woodiands B ) 0
of route across npanan areas _— R 21268 16 004 26,4151 140
Length of route acrass potental wetlands T 4834 1223|474t 1227 5375 1860
Number of stream crossings by the route 17 17 17 17 i 17 15 15 14
Length of route paraile! to streams {within 100 feet) o e . __ 2865 2665 2,665 2,866 2,866
-L';rEmAquz_s_s lakes or ponds (open watersl } i R 80 80
177 Number of known rarefunique plant locations withi he fight-of-way R ’ 3
o Length of route through known habitat of endangered or threatened species 10,532 10,532 10,532 10,532 10 532 10,532 10 532
= Numbar of recorded cultural resource sites crossed by the routs 1 1 1 1 1 1 1
_Number of recorded cultural resources within 1,000 feet of the route centerfine _ o 1 1 1 ! 1 1. 1 1
L‘;r;;axwo! route across areas of high archaeologrcal histoncal site potential T T V_A e 71,290 68,424 71‘2901 70998 73,864 - —55 956  67.000|
Number of prvate airstrips within 10 000 fest of the route centerline el 0 0 i ol o of ..o
Number of FAA-registered airports with at least one runway more than 3,200 feet in length within 20,000 feet of route centeriine 1 1 1l | 1 1 1
Number of Fﬂ»rews}srpﬂ auports with No runway greater than 3,200 feet in length within 10,000 fest of the route centeriine 0 [ Oi 0; o 0 0
Number of heliports located withn 5,000 feet of the rouite centerline .0 [} 0! o). 0 o ..o
Number of AM radio Tocated within 10,000 teet of the route centeriine 0 0 Dl 0 0 0 0
Number of FM, and other efectronic within 2 000 feet of the route centerline e 3 3 3] o 1 3 3
_Number of US or State Highway crossings by the route o o :7 T 3 - 3 3; 3 3 3
Number of Farm to Market (F M) county roads, or other sirest crossings by the route s 8 - EI oy 11 T )
Estmated tength of nght-of-way within foreground visual zone of U S and State Highways T 23,119 23119] 23118 23119 23ttel  2atte]
Estimated length of nght-of-way within wisual zone of parkirecrea areas 0 0 0 o Q 0 . .

Note: All length measurements in feet  All inear measurements were obtained from the National Agnicultural Imagery Program digital ortho imagery flown in 2016-2017 with the exception of areas of high
archaeological/listoncal site potential which were measured from USGS Topographic Quadrangles The aeral photograph has a provided accuracy of +/- 30 feet 'Structures normally inhabited by
humans on a daily or regular basis Habitable structures include but are not imited to a single-family and multi-family dwellings and related structures, mobile homes, apartment buildings, commercial
structures, industnal structures, churches, hospitals nursing homes, and schools 2Dehned as parks and recreational areas owned by a governmental body or an organized group, club, or church
*Believed 1o be systems no longer i use

* - Not included in length of route paraile! to existing compatibie nghts-of-way
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Table 7-2. Environmental Data for Alternative Route Evaluation
Sand Lake—Solstice 345 kV Transmission Line Project

; Alternative Route Number 342 343 - 344 345 346 347 348 349 | 350 351 352 }
" Longth o altematwe route 292 906 277392 258752 273,494 282544 288556 273 042 322,134 320,089 334,831 304,458
' Length of route paralle to existing efectric ransmission lines 34,159 62 8711 18,074 31,798 58033, 44308 72,520 66,241 31766 45,490 67 796
Longth of route parallel to riroads [ 0 o 0 o 0 [} o 0 o 0
Length of route paraliel to existing public roadsthighways 21438 15479 16287|  1sa7a| 20620 21438 15479 7326 16,287 15479 726
Length of route paraliel to pipalines’ o o 17599 17598 13813 | 18,173 18173 18173 13314 13314 13314 13,314
Length of route paraliel to apparent property boundaries _ T Taamn 28170 42320 45028 22313 19,604 19,604 69,789 44367 47,075
Total length of routs parallel 1o existing compatible nghts-of-way | 76.906] 99,158 69 820 85443 | 94,113 ‘ 78 480 100 741 136495 85,559 101 182
Number of habitable structures within 500 fest of the route centertine’ ek 37 37 .8 37 a7 a7 .. a7 37 37 ar:
Number of parks or recreational areas within 1,000 fest of the routs cantertine: R 0 0 0 ° 0 0 0 8 o 0‘
Length of the route across parks/recreational areas e ‘__'. . 0 0 0 ol Q 0 0 3 T T -D i ““_-Tm
Length of route through commerciaiindustnal areas e _ 12,471 12,526 11 506 11783, 11,969 12173 12,228 12 183 12,559 12,837
Lengtt of the routs across cropland/ay meadow 1283] 1288 1233 vem] 128 1230 vesa] 12 123, 123
Length across rangeland pastre 253,166 246,381, 214922 234,887 | 245,219 244 883, 238,088 | 264 334 . 263498 280463
Length of route across agnouitural cropland with mobile irngation systems® o o . © o! o] 0 0 0
Length of route across uptand woodlands e 0 0 0 o} [N 0 0 0
Length of route ac?os_s fiparan areas e B 20,488 23,650 22089 24,7ZOE 19 546 38,066 30318 28,333
Length of route across potential wetlands . 5458 1,860 1,953 5 468 1,856 6103 6,400 _2885
Nurmber of siream crossings by the route ) “ T4 13 s 15 15 D
Length of route paraliel to streams (within 100 fest) [ 201} 0 461 461
Length across lakes or ponds (open waters) i 80 80 _ 80 80 80 80
m Number of known rare/unique plant lecatons within the v;ht’«)l" w;y - . 3 e Y -
& Length of route through known habitat of sndangered or threatened species 10,532
N Number of recorded cuttural resaurce sites crossed by the route 1
Number of recorded cultural resources within 1,000 feet of the routs centeriine 1
, Length of 1oute across areas of high archaeologicakhistonical site potential oo ””’?{zj{a
"Number of private airsirips within 10 000 teat of the foute centerline T
........... :
Number of FAA-registered airports with no runway grester than 3,200 feet in fength within 10,000 fest of the route centeriine
Numbar of heliports located within 5,000 fest of the routs centerine .
“Number of AMradio foc 10,000 festof the route conterine L
1 of FM, microwave and other efectronic I withun 2 000 feet of the route cent

VNiumber of US or State Highway crossings by the routs

Estimated length of nght-of-way within

Number of Farm to Market (F M) county roads, of other street crossings by the route

length of nght-of-way withun foreground visual zone of U S and State Highways

wvisual zone of p

areas

Note: All length measurements in feet Al inear measurements were obtatned from the National Agricultural Imagery Program digital ortho imagery flown in 2016-2017 with the exception of areas of high
archaeological/mistoncal site potentral which were measured from USGS Topographic Quadrangles The aeral photograph has a provided accuracy of +/- 30 feet *Structures normally inhabited by
humans on a daily or regular basis Habitable structures include but are not imited to a single-family and multi-family dwellings and related structures, mobile homes, apartment buildings, commercial
structures. industnal structures, churches, hospitals nursing homes, and schools 2Defined as parks and recreational areas owned by a governmental body or an organized group, club, or church
*Believed to be systems no longer in use
* - Not included in length of route parallel to existing compatible nghts-of-way
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Table 7-2. Environmental Data for Alternative Route Evaluation
Sand Lake—Solstice 345 kV Transmission Line Project

:Akemanve Route Number 353 354 355 356 | 367 | 358 ] 359 380 i 361 ‘ 382 363
Length of aftematwve route az3715] 921670 83A12]  306.009] 262198 276941 } 285990| 202008, 276480 257 s4d| 272591
Length of route paralle! to existing slectnc transmission ines 66,241 31766 45490 67,796, 7,925 21,649 47,884 34,150 62371 18074 31798
Length of route paralel to rairoads . 0 0 0 ol 0 cT 0 0 [ 0 o
Length of routs paraliel to existing public roadsighways 7,326 16,287 15479 7326, 16287 15479] 20629 21438 15479 16,287 15479
"Length of route parallel o pipelines’ 13,314 19,314 13314 13314, 132087 13207, 17509 17 599 17,599 138%1] 1381
"Langth of route paraliel to apparent property boundanes B | earee] sy 47075 44367 50886 53504] 30878 28,170 28170 42320 " Tesozs
' Total length of route parallel to existing compatible nghts-of-way e 136 495 85,559 101 182 112,628 68,236 83 eﬁsoi 92529 76 906 99,158 69,820 i 85,44‘3_
Nurnber of habitable stuctures within 500 feet of the route centerline! L 37 a7 37! 57 a7 a7
Number of parks of recreational areas within 1,000 feet of the route centeriine? K 3 o of 0; o o
Longth of the route across parksre T T 0 o of 3 o
Length of route through commercialindustnal areas 12,187 12,123 11,552 11829° 12,014} 12218 12273
Length of the route across cropiand/ay meadow 1,233 1233 1283 1238 1,233 1233 1233 } 1,233
Length across rangeland pasture o 265735 270900  200864|  250.337| 222330  242205] 252e27) 252201 245506 214047) 24012
"Length of rotte across cropland with mobile irgation systems’ - 0 0 0 0 ol 0} 0 o
Length of route across upiand woodiands - ] 9 [ o 0 ) 3
“Length of rolte across npanan areas B 38,291 30544 28,558 203591 21629 19,643 18082] 20713 15540
Length of route across potental wetiands 6108 5400 2885 28] 5375 1260 ves3] 5468 1856 1860
Number of stream ;:&gingﬁsﬁby the route ) 15 15 :71;5; o 71 gf]i 15 , 18 14 14 14 14 14 f
Length of routs paraliel to streams {within 100 fest) I o 538 481 785 201 201 —
Length across lakes or ponds (open waters) 215 80 92 80 80 80
177 Number of known rarefunigue plant locabonss wiin the ngnt-of-way T 4 E 3 s 7 3 3
o Length of route thraugh known habsta angered or threatened species 10,532  tosm 10,532 10 532 10,532 10532
9 Nymber of recorded cultural resource sites crossed by the route 1 ! 2 1 1 1
Number of recorded cultural resources within 1,000 fest of the route centerine ' T 1 2 1 1
Length of route across areas of high archaeologicalihistancal site potential - 66445, 58,634 61,500 67134 "Teme7s| 64967
Number of pnvate arsinps within 10,000 feet o to con " R i . o 0 o 0 i 0
Number of FAA-registered airports with at least one nnway mors than 3,200 festin ngth-v;v;hm 2~0 DB_D et of route centerline 1 _ 1 'T
&JTE&! of FA;:r;ggtgrqq arports with no runway greater than 3,200 fest In length within 10,000 feet of the rou;e centerline 0 Dﬁ [
Number of helsports located within 5 000 fest of T 0 0
Number of AM radio locat o 0 "ol
Number of FM, microwave and other electronic insta iato e 1 L IUUUUR | AR § RS DU § BRI SO 8 = J
Number of U'S or Stats Hghway crossings by the route 3] 3 3! 3 EN EE
Number of Farm to Markst (F M) _county raads, of other street crossings by the route - 8 L 8 8 11 11 1\
" Estmated length of nght-of-way withvn foreground isual zone of US and State Highways 23119 23119, 23,118 23119 23,119 23119
Estmated lemgth of ngrt-of way witn foreground visual zone of park 0 of o o 9 o]

Note: All fength measurements in feet  All inear measurements were obtained from the National Agricultural Imagery Program digital ortho imagery Hown in 2016-2017 with the exception of areas of high
archaeological/historical site potential which were measured from USGS Topographic Quadrangtes The aenal photograph has a provided accuracy of +/- 30 feet 'Structures normally inhabited by
humans on a daily or regular basis Habitable structures include but are not limited to a single-family and multi-family dwellings and related structures, mobile homes, apartment bulldings, commercial
structures, industnal structures, churches, hospitals nursing homes, and schools 2Defined as parks and recreational areas owned by a governmental body or an organized group, club, or church
*Believed to be systems no longer in use
* - Not included in length of route parallel to existing compatible nghts-of-way
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Table 7-2. Environmental Data for Alternative Route Evaluation
Sand Lake—Solstice 345 kV Transmission Line Project

Alternative Route Number 364 365 | 366 | 367 368 369 370 3 z 3r2 373 374
Length of alternative route 281 641 287,653 272 139 ! 323,208 321,162 335,905 305 532 318,382 333,125 342 174 348,187
7 e ) 58033 44300 72520]  58317) 2384 a7ses| 59872 o 13724 39958 26235
Length of route paraliel to rairoads . o Q 0 0 0 0 0 0 l? 0
Length of route paraliel to existing public roadshighways 21438 15479 21,892 30 853 30,045 21,892 30,853 30 045 35,195 36 004
Length of route paralisi to pipelines” L 18,173 18173 3460 3 460 3460 3 460 _..8.383 3,383 _ 7748 7,746
Length of route parallel to apparent property boundanes - 19 604; 19,604 ¢ 98 494 73073 75,7811 73,073 92,731 95 439, 72,723 70015
! To\al]gr\g(ﬁ of route parallel axlsprlgicormpahblc nghts-o!-wayﬁr 78,489 100 '{414[ 159 388 108 452 124 076 135 522 i 104,269 119,893, 128 562 112,939
Number of habitable structures within 500 feet of the route centerline’ e - 37 37 66 66 66 66 . .86 ! 66‘ 66 66
Number of parks or recreational areas within 1,000 '02{0' the route centerhine? of i 0 o 0 0 o 0 0 0 4
Length of the route across parks/recreational areas [ o o ol o ) o [ o 0
Length of route through commaercialindustiial areas 11,716 11920 11975 8.59’0 8967 9244 8577 10 445 10,723 10908 11,112
Length of thg route across cropiandhay meadow 1,233 . 1ess 1233) 7177 7977 7177 7377 7177 7771771‘ 7177 7477
! }.enq'h across rangeland pasture R 244,345 244,008 237,2231i 265214, 270,379 290 343 258,816 272 470 ' 292,434 '767 302,430
“Length of route across cropland with robie irngaton systems® _o© 0 o 30431 3,043 3,043 3,043 a,mﬂ 3.043° 3,043 3043
Length of route across upland e 0 0 0. o] 0 o] 0 0 0 0 9
Length of route across npanan areas . e 22314 24 945 19,771 32516 R 24 769 22,7837 gglsm 19,464; R A__A17 458 15,897 18528
Length of route across potantial wetiands 1953 5468 1.856 6,462 8,758 3.244 3,253 5734 2219 2312 5828
Number of stream crossings by the route B ) i R 13 22 2 22 6] 2 22 21 T
Length of route parallel to strearms (within 100 fest) - _l_)_. & 0y 203 A2 4125 4 449 3 865 3,865* _ 5664 ~_§,§6_44
Length across takes o ponds {open waters) I AU (') S 80 ; 80 K 208! = 70 70 83 70. 710 0 T8
[T] Number of known rarefunique plant locations withn the nght-of-way 3 3 3 2 [ B 1 T 1
o Length of route through known habitat of endangered or threatened spacies 52 52 52’ 2 s 52
B Number of recorded cultural resource sites crossed by the route ) i D 1 ) 0 Dv [N 0
Number of recorded cultural resources within 1,000 feet of the route centerline 0 1 0 o 0 0
Length of route across areas of high archasological/historical site potential B 44,294 45 gée 48 803 51 669 47 761
Number of private airstrips within ‘DV,D,O,O,'“' of the route canteriine T o ‘0 2 D 0 Q
“Number of FAA-registered airports wih at least one funway more tha 3.200 feet n fength wiitin 20 000 feet of oute centerine 2 2 2 o 2, 2|
Number of FAA-registered airparts with no runway greater than 3,200 feet in length within 10,000 feet of the route centerline 0 0 0 0 3 0
_Number of heliports located within 5 000 feet of the route centerline e _ D B 0 0' 0 0
Nurmber of commercial AM radio located it 10,000 feet of the route centeriine ~ 1 R I i
Number of FM, microwave and other electronic Installations within 2 000 fest of the route centerine Y Y F T “0' T . T -U
——hiu_rn;r.z;!—U-S or State Highway cros;mgs Dy the route T T . - L 3 5 3
Number of Farm to Market (F M) county roads, or other strest crossings by the route B 18 16
Estimated Iong{h of nght-of-way within foreground visual 2one of US and State Highways - j R T o 25,128 28 Qag
' Estimated length of nght-of-way within und visual zone of p areas e T 8 o o of ..o : ! . ___ﬂi__:, -0, T S S ] R :E

Note: All length measurements in feet Al inear measurements were obtained from the National Agricultural imagery Program digital ortho imagery flown in 2016-2017 with the exception of areas of igh
archaeological/histonical site potential which were measured from USGS Topographic Quadrangles The aerial photograph has a provided accuracy of +/- 30 feet !'Structures normally inhabited by
humans on a daily or regular basis Habitable structures include but are not imited to a single-family and multi-family dwellings and related structures, mobile homes, apartment buildings, commercial
structures, industrial structures, churches, hospitals nursing homes, and schools 2Defined as parks and recreational areas owned by a governmental body or an organized group, club, or church
*Believed to be systems no longer in use
* - Not included in length of route parallel to existing compatible nghts-of-way
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Table 7-2. Environmental Data for Aiternative Route Evaluation
Sand Lake~~Solstice 345 kV Transmission Line Project

' Alternative Route Number i 378 376 |, 377 1 378 379 380 as1 | 2 384 385
Length of altemative route _ B . 332673 314,033 328 775; 337,825 343.337‘ 328 323 302 5565 317,829 326,378 332391 316877
Length of lOulﬂlLﬂ!‘d 1o existing slectric ransmission lnes. A 54 446 iEj ‘9‘ 2?,!?5 50,108 l ~ ) 36 JB‘; 54,:’795 7.7925 21649 o 747 8584 344?9 62 :73177
Length of route paraliel to raliroads 0 0 0 0 0 9 9 0 0 0 4

ﬂg!’l of route paraliel to existing pubiic 30,045 30,853 ! 30,045 35195 36 004 30,045 30,336 29,527 34678 35486

“Length of route paraliel to pipelines* R N T 7746 3957 3957 8,320 8320 8320 15,950 15 950 20312 20312
Length of route parallel to apparent property boundares - 70015] 84165 868731 64157] 61449 G1449|  70632] 73340 50624 47916
Total length of !outieiparraﬂei 14 oxlshngﬁoompanb)e nghts-of-way 135191 19§1§§3 121,476 130,146 114,522 136 7774 89,578 105,201 113,871 98 247 120,489
Number of habitable structures within 500 feet of the routs canterline’ R 66 66 6| 66 66 66 681 66 e 66! 66
Number of parks or areas within 1,000 fest of the route centerline? 0 0 o 0 0 0 0 0 0 0 0
Length of the route across parks/recreational areas ) o] 0 0 0 0 0, o o o o Tl
Length of route through commercialindustnal areas B B 11,967 10,147 10424 10610. 10813 10869; 10,450 10738 1092 1125] 1181
Length of the route across cropland hay meadow 77 7377 7477 777 7177 7.‘7?7} 7177 7477 717‘ 77 7177 7177
{Length across rangeland pasture 295 646 264,187 284,152 204,484 204,148 287 363 | 256 807 276 771 287 104 286 776; 279 983
Length of route across agnoultural cropland with mobile Imgation systems’ 3,043 3,043, 3,043 3043 3,043 3.043 3,043 3,043 3043 3,043 3043
Length of route across upland woodlands [ o 0 0 0 0 o 0 0 0 o 0|
Length of route across npanan areas . . _ - B N ‘7_ 13,355 23,675 21,690 20,129 22780 17,586 18 664 16,679 15117 a 17,749
Length of route actoss polential wetiands o T - o 5,734 2218 2312 sa26 2215 6,367 2853 2045 6460
NUIYP;! 9‘ stream crossings by the I'Om.r B . 217;1: 2t 7”77 20 77?97 20 19 19 18 18
Length of route paraliel to streams (within 100 feet} . 3865, 3,865 3,664 3,664 36641 1,201 1203 1,000 1000

70 70 70 70 701 70 70 70 70 70

Length across lakes or ponds (open waters}

RSSO U RO

(", Length of route through known habxiat of andangered or threatened species 52 52 52 52 52
O Number of recorded cultural resource sites crossed by the route . . 0 0 0 0 o
Number of recorded cultural resources within 1,000 teet of the route centerine 0 8 0 0
L onq(h of route across areas of high archaeologicalhistoncal site potential __." B :‘;—_— T 7 47,761 i _4;466 50,334 46427
Number of pnvate arsinps within 10 000 feet of the route centerline 0 0 0, ol
Nurber of FAA-registered airporis with at least one runway more than 3,200 feet 1 length within 20 000 feet of route centeriine 2] 2 2! 2] ]
Number of FAA-registered aports with no runway greater than 3,200 feet in lenigth within 10,000 feet of the route centerline 0 0 0 0
Number of heliports located within 5,000 Ogel of the route centerline L B 0 0 ) 0 6
vﬁu’mbﬂ of comm:mal AM radio transmitters focated within 10,000 feet of the route centedine i j 1 ~1 _ 1 ;
Number of FM_microwave and other electronic  within 2 000 feet of the route centerine 0 2,
?umbcr of US or State Highway crossings by the route 3 B
Nurber of Farm to Market (F M) county roads, or other street crossings by the route . . 19 . 1e§ 16, i .
"Estimated langth of nght-of-way withn forsground visual zone of U'S and State Highways - o RS 25128 25128] 25128 25128 25128 25128 25028 25128 25128
‘Estimated lsngth of right-of-way within foreground visuai zone of parkrecreational arees o T 0 o 0 of 0 R I )

Note: Al length measurements In feet Al inear measurements were obtained from the National Agrcuitural Imagery Program digital ortho imagery flown in 2016-2017 with the exception of areas of high
archaeological‘historical site potential which were measured from USGS Topographic Quadrangles The aenal photograph has a provided accuracy of +/- 30 feet 'Structures normally inhabited by
humans on a dally or regular basis Habitable structures include but are not imited to a single-family and muiti-family dwellings and related structures, mobile homes, apartment buildings, commercial
structures, Industnal structures, churches, hospitals, nursing homes, and schools 2Defined as parks and recreational areas owned by a governmental body or an organized group, club. or church
*Believed to be systems no longer in use

* - Not included in length of route parallel to existing compatible nghts-of-way
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Table 7-2. Environmental Data for Alternative Route Evaluation
Sand Lake—Solstice 345 kV Transmission Line Project

_Alternative Route Number 388 387 | 388 I 38 390 391 392 393 " 394 1 395 396
' Length of altemative route . _ 298 237 312,979 322 029 ! 328,041 312 s27 361619 350 574 374317 343,9“’ 363 200 361,155
L’ngm of route Balil’el to existing slectric ransmission lines. _ ; _ 18,074 B i798 S%lgii 44309 72 520 :676,7241 31 ,765 45,490 _ _677% 66,241 31 7§i
Length of route paraliel to rairoads 0 0 0 0 0‘ 0 0 0 0 Q 0
Length of route paraltel to existing public 30,336 29,527 | 34,678 35,486 29 527 21,375 30,336 29,527 21375 21,375 30 336
Length of route paraliel to pipalines* 16,524 |G,52lT 20 886 20,886 20,886 160271 16,027 16 027 16,027 16,027 18,027
Length of routs parallel to apparent property boundaries B . B 62,066 64774 42,05 39,350 39350, 89,535 64113 66,821 64113 89535 64113
Totat length of route parallel o existing qompanble nghts-o!-way 81,161 106,785 115 454 L 99,830 122 083 157 836 106,900 122,524 133,969 157 836 106,300
Eﬁw of habttable structures within 500 fest of the route centsrline! B 86 ;67 66 66 ] 66 66 66 66 86 66
Number of parks o recrsational areas within 1,000 fest of the route centerline? 0 o' 0 Q 0 ol 0 0 0 0
Length of the route across parks/recreational areas e . — ) o T 0i i 0 0 i o o 0 0 “o_ﬁ" ) 0 0
Length of route through commercalindustnal areas 10,160 10,438 10 623 10,827 10,837 BT 11 491 10,823 10781
Length of the route across cropland/hay meadow 177 7177 777 7177 7977 7177 _Tan . 777 7177
Length across rangeland pasture e 248524] 268488 278,821 278,484 1 297 936 303,100 323 065 291,537 299 337§
Length of route across cropland with mobils irrigation systems® 3 3,043 3,043 3,043 3043 3,043 3,043 3,043 3043 3,043 43|
Length of route across upiand woodlands ) 0! 0 ° ) 0 o o8 o
"Length of route across nipanan areas - ] " 22806] 20011 19,349 21981 asazr 27579 28504 27095 355% 27 804
Lejﬁﬁlﬂ' route aansipgtgq(lal wefiands ~ _ o 6367 2853 2,945 6,460 2848 7085 7.392 877 3.886 7085,  7.392
Number of stream crossings by the route _ 18 18 17 17 17, 19 19 _ 18 .2, 9} 19
AL."g‘h of youu_p_a‘rallel to streams (within 100 feet) . 1201 1,201 1,000 1,000 1000 1538 14604 1450 1,785 1538 1,460
,ngm across lakes or ponds (open waters} R . v; I 00 70" 70 70 70 208 7 70 e 83 ... 208 70
[T1 Number of known rarefunique piant locations within the nght-of-way B 1 1 1 o 1 1
&, Length of rouite through known habitat of endangered or threatened species _ i%« 52 52 52 527‘" 521
O Number of recorded cultural resource sites crassed by the route 0 0 0 0 o 0
Number of recarded cufturat resources within 1,000 fest of the raute certerine B o] 0! 0 C 0 o 0
L m_gir_o_li-_ CIOSS areas of tugh archaeclogical histoncal site potentat e . 411450 44,011 40,103 37237 40,103 35104
"Nomiber of prvate airstnps witfun 10 000 feet of the route centerine ) T 0 o o o 3
Number of FAA-registered aports with af lsast one runway mor than 3,200 fest n length withun 20 000 fest of route centerine | 2 2 2! 2| 2 2
Numbet of FAA-registered airports with no runway greater than 3,200 feet in length within 10,000 fest of the route centerline _ 0 0 _ 0‘ 04 o 0
_Number of heliports located within 5,000 fest of the route centerline . J U S ) R L. SRR LS. . 4 MR | S [ . | I
_Number of commercial AM radio located within 10,000 fest of the route centerine I 1 1 = 1 o1 1 L SRS DU SR | RS
_Nurnber of FM ave and other electronic ins wittin 2 000 feet of the route centerine L .0 0 g P 2N I ) S .. 0 0
Number of US or State Highway crossings by the route = . 3 3 3 3 3 3 .8 3_ 3 _ 3 _ 3
_Number of Farm to Market (F M) county roads, or other strest crossings by the route . [ UUUUUUS L1 VR SN 1] R 18 1 _____‘_1_7_‘. : 16 __ 18 16
® length of 7,:“7 7' y within g visual zone of U S and State Highways 25128 25128 25128 25,128 25 128 34,988 25128 25128
d length of night-of-way wittin visual zone of areas ' 0 0 of o, o

Note: All length measurements in feet  All Iinear measurements were obtained from the National Agncultural Imagery Program digital ortho imagery flown in 2016-2017 with the exception of areas of high
archaeological/historical site potential which were measured from USGS Topographic Quadrangles The aenal photograph has a provided accuracy of +/- 30 feet 'Structures normally inhabited by
humans on a daily or regular basis Habitable structures include but are not imited to a single-family and mutti-family dwellings and related structures, mobile homes, apartment buildings, commercial
structures, industnal structures, churches, hospitals. nursing homes, and schools 2Defined as parks and recreational areas owned by a governmental body or an organized group, club or church.
3Believed to be systems no longer in use
* - Not included in length of route parailel to existing compatible nghts-of-way
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Table 7-2. Environmental Data for Alternative Route Evaluation

Sand Lake—Solstice 345 kV Transmission Line Project

' Aternative Route Number 397 398 3w ! 400 401 | 402 403 404 | 405 406
Length of altemative route . 375 897 345524 301 684I 316,426 325476 , 331 488 315974 297,334 312,077 321126
Length of route paraliel to existing electric ransmission knes 45,490 87 796: 7925 21,649 47 884 ; q{,}SQ 62,371 18,074 31798 i&SG
Length of route paraliel to railroads 0 0 0 0 0 0 o 0 o 0
Length of route paraliel to existing public roadshighways R 29,527 21875 30336 29,527, 34 678 35486 29,527 ¢ 30,336 29 527 34,678
Length of route paraliel to pipelines” o 16,027 16,027 15950 15,950 : 20312 20312 20,312 16 524 16,524 20,886
Length of route paraliel to apparent property boundaries i 66,821 64 113 70,632 73 340 50 624 47916| 47,916 62,066, 64 774 42,059
Tﬂal length of route paraliel to existing compatible rights-of-way - " 122 524 IGG,QFQ 89578 I ~ _1-05,201 A 157‘ . 98247 " 120 499 91 161 106,785 115 454
VNumber of habitable structures within 50C fest of the route centerine’ 66 667 66 66 66 66 86 66 66 66
Number of p_a_rg(_s or recreational areas within 1,000 feet of the route centerline* = R s A . .0 0 0 Y iy 0 0, 0 0
Length of the route across parks'recreational areas - o o [ [ [ [} [} [) o o o T o)
Length of route through commercialindustnal areas e e i, 11.445 10,777 10,208 10483 10,668 _tos72 10,928 9.907 ! 10,185 10370, 10,574 }
ngm of the route across croplandhay meadow 7177 7177 7177 7177 7177 7177 71477 7177 7177 7,17?+ 7177,
Length across rangeland pasture 324,466f 292938 255,932 275 896 286,229 285 892 279,308 247 649 267,613 277 946 277,610
, Length of route across agneultural cropland with mobile irngation systems® . : 8,043 3,043 3,043 3043 3,043 3,043 3.043§ 3,043 3043 3,043 3043
Length of route across upiand woodlands S N o 0 _.0 0 3 o .0 : nJ 'R . 0 [
Length of route across nparnan areas B . = ! 25819 27,620 18,880 15 343 17.974 12,800 23,121 21136 18,575 22 206
Length of route across potental wetlands . j 3877 3,886 6,367 2,853 2,045 8460 2848 6367 2853 2945 6460
Number of stream crossings by the route 19 23, 19 9 18 8l 18 18 18 7] 17
1 Length of route parallel to streams (within 100 feet) _ . 1,480 _1785 1201 1,201 ¢ 1,00(; 1000 1000 1201 1,201 R 1.000 1,000
Length across lakes or ponds (open walers) e 3 70 83 70 70 70 7 70 70| LN 70 70
[T] Number of known rarefunique plant locations withi the right-of-way i o ! T R 1 Kl T Al 1 N Kl Tl 1
&, Length of route through known habitat of endangered or thieatened spacies 52! 52, 52 52 52 52 52 52 52 52 52
' Number of recorded cuttural resource sites crossed by the routs o ! 0 0 oi [} 0 o o [ 0
Nurmber of recorded cutlural resources within 1,000 feet of the route centeriine o o o 1 0 0 0 o] 0 o 3 0 0
Length of route across areas of high y istepotertal ]  wren|  aseos 2479 41438] 41145 401 407103 37237
’Number of pnvate arstnps within 10,000 feet of the route centerline o o . ) 0 0— ) 0 ~ of . Q 0 0 0
Nurnber of FAA-registersd aiports with at least one runway more than 3,200 feet m length vethin 20,000 fest of route centerine 2 2 2l 2 2 2 2 2
Number of FAA-registered airports with no runway greater than 3,200 feel in length within 10,000 feet of the route centerline | o 0: 0 _ 0 o 0 0 0
_Numbe: of heliports located withn 5,000 feet of the route centerline [ N 2 S {7 o _ [ 0 R 0 B S,
Number of commercial AM radio iocated within 10,000 feet of the route centerine N S | .0 i R o 1 o 2 1
_Number of FM, microwave and other electranic instaliations within 2 000 feet of the route centerline 0 0 0 2 N 0 0 2 2
Number of US_or State Highway crossings by the route B i _ _ i | - 3 _ 3 _3 - o __3 o 3 3 3 _3
_Numbet of Farm to Market (F M ), county roads, of ather strest crossings by the route . L 19 o 1 16; 19 19 s 16
“Estimated length of nght-of-way within foreground visual zone of U'S_and State Highways | 25128 28g 25128 25128 25128 25128 25128] 25128 25128 _  25128] 25128
3 ted length of nght-of-way within visuat zone of parkir . .i .0 0 0 0 _0 OI 0} 777777 0 0 0

Note: Ail iength measurements in feet Al inear measurements were obtained from the National Agricultural Imagery Program digital ortho imagery flown in 2016-2017 with the exception of areas of high
archaeological/historical site potential which were measured from USGS Topographic Quadrangles The aenal photograph has a provided accuracy of +/- 30 feet 'Structures normally inhabited by
humans on a daily or regular basis Habitable structures include but are not imited to a single-family and mulh-family dwellings and related structures, mobile homes, apartment buiidings, commercial
structures, industnal structures, churches, hospitals nursing homes, and schools 2Dehned as parks and recreational areas owned by a governmental body or an organized group, club. or church
‘Believed to be systems no longer in use
* - Not included in length of route parallel to existing compatible nghts-of-way
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Table 7-2. Environmental Data for Alternative Route Evaluation
Sand Lake—Solstice 345 kV Transmission Line Project

' Aternative Route Number 408 |
Length of altematrve route 311 624
Length of route parafie to sxistng electrc transmission lnes . ) T 7es0
Length of route parallel to radroads _0

| Langth of route parallel to existing public roadshighways 29,527
Length of route parallei to pipelines” . 20,886

i;ngm of route paraile! to apparent property boundanes B ) 39,350
Total iength of route paralist to existing compatible nights-of-way 122 083
Number of habitable structuras within 500 fest of the route centerline’ 66

“Number of parks or recreational arsas within 1,000 feet of the route centerine? 0

Tength of the route across parks/recreational arsas . ) o i E
Length of route through commercialindustnal areas . o 10,629
Length of the route across cropland/hay meadow 7177

' Léngnx across rangsland pasture _ ~ 270.825
Length of route across agncultural cropland with mobiis irrgation systems’ 3043
Length of route across upland weodlands . 0
Length of routs across npananareas - 17,032

T;ngé\';f ;oule across potential wetlands - : : 2,848
Number of stream crossings by the route B o B T
Length of route paraliel to streams (within 100 feet) ) 1000

_Length across lakes or ponds (open waters) L 1 70

m Number of ;(;a;n rars/unique plant locations within the right-ot-way | R - - T . - 1
o Length of route through known habitat langered o threatened species . . 52
G0 Number of recorded cultural resource sites crossed by the route [

Number of recorded cuftural 00 fect of the route centerine 0

T ncal site potentiat i 40,103

>Numbor of pnv;u a;su‘;s‘;lmwl 10,000 feet of the route oon;r;m N j—v— oo -A —-— T '—"T
Number of FAA-registered arports with at least one runiway more than 3,200 feet n length within 20 000 feet of oute cenferine | r]
Number of FAA registered airports with no runway greater than 3,200 feet in length within 10,000 feet of the route centerline 0
Number of hefiports located within 5,000 feet of the route centerlne - W - o]

"Number of cial AM radio localed within 10,000 fest of the route centerline o K
Number of FM, microwave and other slectronic installations within 2 000 feet of the m'u—m centeriine T

"Number of U'S or State Highway crossings by the route : T o
Number c o!_}farp_lgvavksl (F M) county roads, or other street crossings by the route

;Estmagd dfength of nght-of-way withun foreground visual zone of U S and State Highways T s
Estimated length of nght-of-way within fo wvisual zone of park/recre: aeas L Aii .

End of Table

Note: All length measurements in feet  All linear measurements were obtained from the National Agnicultural Imagery Program digital ortho imagery flown in 2016-2017 with the exception of areas of high
archaeological/historical site potential which were measured from USGS Topographic Quadrangles The aenal photograph has a provided accuracy of +/- 30 feet 'Structures normally inhabited by
humans on a daily or regular basis Habitable structures include but are not imited to a singte-family and muiti-family dwellings and related structures, mobile homes, apartment bulldings, commercial
structures, industnal structures, churches, hospitals nursing homes, and schools 2Defined as parks and recreational areas owned by a governmental body or an organized group, club, or church
*Believed to be systems no longer in use

* - Not included i length of route parallel to existing compatible nights-of-way
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Appendix F
Habitable Structures within 500 Feet of the Alternative Links
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TABLE 7-3. HABITABLE STRUCTURES WITHIN 500 FEET OF ALTERNATIVE LINKS

Habitable - pigtance! Description  Direction” Link | | Hotall®  picancet  Description ~ Direction  Link
1 226 SFR*  NNE B2 35 339 SFR NNE B2
2 264  MLU®  NNE B2 36 398 Industial NNE  CH
3 264 MLU NNE B2 37 424 SFR NNE  Ci
4 264 MLU NW B2 38 379 SFR NNE  Ci
5 264 MLU SE B2 39 309 MLU NNE  Cf
6 264 MLU NW B2 40 313 MLU NNE  Ci
7 264 MLU NW B2 41 311 MLU NNE  Cf
8 264 MLU NW B2 42 350 MLU NNE  Cf
9 484 MLU SSE B2 43 351 MLU NNE  Ci
10 484 MLU SSE B2 44 348 MLU NNE  C1
11 481 MLU NE B2 45 352 MLU NNE  C1
12 481 MLU NW B2 46 347 MLU NNE  CA
13 440 MLU NW B2 47 374 MLU NNE  CA
14 440 MLU NW B2 48 361 MLU NNE  C1
15 439 MLU NW B2 49 381 MLU NNE  CA
16 439 MLU NW B2 50 503 SFR NNE  CA
17 439 MLU NW B2 51 376 MOU2  SE  Ci
18 439 MLU NW B2 52 376 MOU SE  Cf
19 439 MLU NW B2 53 376 MOU SE ci
20 439 MLU NW B2 54 376 MOU SE  Cf
21 206 SFR NW B2 55 376 MOU SE  Cf
22 266 MLU W B2 56 376 MOU SE  ci
23 266 MLU s B2 57 376 MOU SE  ci
24 266 MLU  SSW B2 58 376 MOU SE  Cf
25 266 MLU ENE B2 59 376 MOU SE  Cf
26 266 MLU NNE B2 60 376 MOU SE  ci
27 266 MLU NNE B2 61 376 MOU SE  ci
28 266 MLU NNE B2 62 491 Industial  SE  Ci
29 266 MLU NNE B2 63 451  Industial  SE _ C1
30 266 MLU NNE B2 64 280  Industial  SE _ Ci
31 266 MLU NNE B2 65 248 SFR NE D2
32 266 MLU NNE B2 66 490  Industial W H1
33 266 MLU NNE B2 67 491 MOU Wz
34 383 MLU NNE B2 68 405 MOU sw 2

End of Table 7-3

Notes:
* Direction represents the distance beginning from the habitable structure towards the provided hink
1 Measurements greater than 500 feet account for measurements obtained from Digital Globe (DigitalGlobe, 2016; 2017) aerial
photography, with a recorded accuracy of 10 16 meters (or approximately 30 feet) to true ground location
1 Denotes single family residence with a permanent foundation
@ Denotes mobile livings units. These units have no permanent foundation and are in the travel traller style These features are
distinguished as clusters (orange diamonds) on Figures 3-1A and 3-1B.
(@ Denotes a mobile office unit, associated primanly with oil and gas faciities construction sites These are prefabricated mobile units
brought to these sites temporarily until completion of the project.

F-1

433



THIS PAGE LEFT BLANK INTENTIONALLY

434



Appendix G

Environmental and Land Use Constraints Maps
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FIGURE 3

ENVIRONMENTAL AND LAND USE CONSTRAINTS MAP
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FIGURE 3-1B

ENVIRONMENTAL AND LAND USE CONSTRAINTS MAP
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Robert Holt

@( R Transnussion Services
4

Oncor | Transmission Services
2233-B Mountain Creek Parkway

October 19, 2018
Dallas, TX 75211

Tel 214743 6812
Fax 972 263 6710

Ms. Judith Talavera Cell 817 975 1856
President robert.holt@oncor.com
AEP Texas, Inc.

539 N. Carancahua

Floor 17

Corpus Christi, TX 78401

Re:  AEP Texas Solstice to Oncor Sand Lake 345-kV Double-Circuit Transmission
CCN Application Project

Dear Ms. Talavera,

This letter will confirm the agreement (“Letter Agreement”) between AEP Texas Inc.
(“AEP Texas™) and Oncor Electric Delivery Company, LLC (“Oncor”) (each a “Party” and
collectively, the “Parties”) concerning the sharing of third-party consultant costs associated with
environmental and alternative routing analysis, aerial mapping, and landowner identification
services for the AEP Texas Solstice to Oncor Sand Lake Double-Circuit 345-kV transmission
line certificate of convenience and necessity (“CCN”) application (the “Project™).

1. The Parties agree to select as consultants Halff Associates Inc. and TRC Solutions
(all collectively referred to as “Third Party Consultants™) in support of their joint application to
the Public Utility Commission of Texas (“PUC”) to amend each Party’s respective CCN(s) for
the Project.

2. The services will include Halff Associates Inc. (a) providing all PUC required
environmental and land use data acquisition and analysis, (b) assisting in and preparing for open
houses, (c) conducting a routing study and environmental report in accordance with applicable
PUC statutory and regulatory routing guidelines, (d) producing the documentation necessary for
the CCN application, and (e) providing assistance during the CCN application process, which is
anticipated to include responding to discovery, preparing testimony and testifying, and
performing any additional route development and analysis determined to be necessary by the
Parties. Halff Associates Inc. will also provide aerial mapping. TRC Solutions will provide deed
mapping services as necessary for routing analysis by Halff Associates Inc. and landowner maps
required for the CCN application. TRC Solutions will also provide landowner identification
services for open house(s), the CCN application, and the final notice once the CCN is approved.

3. Oncor will execute agreements with the Third Party Consultants to provide the
services described in Paragraph 2. AEP Texas and Oncor will each be responsible for fifty
percent (50%) of the Third Party Consultants’ respective invoices for the Project, subject to any
costs that were specific to one of the Parties (e.g., if one of the consultants provided services to a
party that was not part of the Project). Each Party shall be responsible for all of its own internal
costs related to the Project.

ATTACHMENT NO. 2
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4. The Parties shall each have an equal right to direct the Third Party Consultants
pursuant to the agreements entered into under this Agreement, including the right to attend any
conferences and receive any materials prepared by the Third Party Consultants pertaining to this
Project. Should the Parties disagree concerning the direction of the Third Party Consultants, one
senior manager designated by each Party shall meet and negotiate in good faith to resolve the
differences.

5. The Third Party Consultants shall bill Oncor for their services related to the
Project, and Oncor will in turn provide a copy of the Third Party Consultant’s invoices to AEP
Texas (with reasonable supporting details as may be requested by AEP Texas) and bill AEP
Texas for fifty percent (50%) of those costs. AEP Texas agrees that it will pay to Oncor its share
of the Third Party Consultants’ invoiced amounts within thirty days from the date that Oncor
presents an invoice for those costs.

6. This Letter Agreement will terminate upon issuance of a final order by the PUC
and issuance of notice to affected landowners in the proceeding seeking approval of the CCN
amendments for the Project, and once all payments have been made to the Third Party
Consultants for services provided pertaining to the conclusion of the CCN proceeding, unless the
Parties agree in writing to terminate the Letter Agreement at an earlier date.

7. AEP Texas and Oncor agree that after final PUC approval of the Project, or as
otherwise directed by the Commission, the Parties will negotiate in good faith to determine an
appropriate location along the approved route for a division of ownership between AEP Texas
and Oncor that will generally divide the line in two even parts. AEP Texas and Oncor agree that
each Party will be responsible for construction and operation of its individual portion of the
Project.

[f AEP Texas agrees that this Letter Agreement sets forth the terms and conditions agreed
upon by AEP Texas and Oncor, please countersign this Letter Agreement in the space provided
below and return a signed copy to me. Please contact Chris Reily at (214) 486-4717 if you have
any questions.

Sincerely,

< Tt

Robert Holt
Director, Transmission Services

Agreed and accepted as of Od’ sber O , 2018:

R IR
Jud(ﬁx Talavera
President
AEP Texas Inc.

o
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Sand Lake - Solstice 345 kV Transmission Line Project

Attachment No. 3 - Estimated Costs

Route 3 IRoute 13 Route 14 Iroute 18 Route41  |Route 46 IRoute 49 {Route 78
Right-of-way and
Land Acquisition $10,250,000 $9,922,000 $10,496,000 $9,574,000 $9,369,000 $11,255,000 $10,578,000 $10,414,000
Engineering and
Design (Utility) $2,375,000 $2,298,000 $2,431,000 $2,219,000 $2,172,000 $2,608,000 $2,449,000 $2,415,000
Engineering and
Design (Contract) $2,858,000 $2,811,000 $2,893,000 $2,762,000 $2,731,000 $3,005,000 $2,905,000 $2,884,000
Procurement of Material
and Equipment $37,243,000 $36,991,000 $38,969,000 $35,035,000 $34,098,000 $40,306,000 $38,530,000 $38,917,000
(including stores)
. Construction of
Facilities (Utility) $1,000 $1,000 $1,000 $1,000 $1,000 $1,000 $1,000 $1,000
Construction of
Faciliies (Contract) $56,137,000 $55,792,000 $58,862,000 $52,817,000 $51,447,000 $60,805,000 $58,212,000 $58,726,000
Other (all costs not included
in the above categories) $0 $0 $0 $0 $0 $0 $0 $0
Estimated Total
Transmission $108,864,000 | $107,815,000 § $113,652,000 | $102,408,000 | $99,818,000 | $117,980,000 | $112,675,000 | $113,357,000
Line Cost
Estimated Oncor Substation
Faciliies Cost $17,600,000 $17,600,000 $17,600,000 $17,600,000 $17,600,000 $17,600,000 $17,600,000 $17,600,000
Estimated AEP Texas Substation $10,111,000 | $10,111,000 | $10,111,000 | s10,111,000 | $10,111,000 | $10,111,000 | $10,111,000 | $10,111,000
Facilities Cost
Eit:ror]:tct:c:: Z::al $136,575,000 | $135,526,000 | $141,363,000 | $130,119,000 | $127,529,000 | $145,691,000 | $140,386,000 | $141,068,000
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Sand Lake - Solstice 345 kV Transmission Line Project

Attachment No. 3 - Estimated Costs

Route 90 Route 131 Route 183 Route 280 Route 281 Route 282 Route 292 Route 293
Right-of-way and
Land Acquisition $10,824,000 $10,517,000 $12,034,000 $10,373,000 $10,599,000 $10,004,000 $9,676,000 $10,250,000
Engineering and
Design (Utilty) $2,509,000 $2,437,000 $2,789,000 $2,405,000 $2,458,000 $2,320,000 $2,243,000 $2,376,000
Engineering and
Design (Contract) $2,943,000 $2,898,000 $3,118,000 $2,876,000 $2,910,000 $2,823,000 $2,776,000 $2,858,000
Procurement of Material
and Equipment $38,828,000 $38,705,000 $43,384,000 $37,768,000 $38,622,000 $36,732,000 $36,480,000 $38,458,000
(inciuding stores)
Construction of
Facilties (Utility) $1,000 $1,000 $1,000 $1,000 $1,000 $1,000 $1,000 $1,000
Construction of
Facilities (Contract) $58,594,000 $58,423,000 $65,577,000 $56,977,000 $58,191,000 $55,386,000 $55,041,000 $58,111,000
Other (all costs not included
in the above categories) %0 $o $0 30 $0 $0 $o $0
Estimated Total
Transmission $113,699,000 § $112,981,000 | $126,903,000 | $110,400,000 | $112,781,000 § $107,266,000 | $106,217,000 | $112,054,000
Line Cost
Es“”‘atlf’:ci(ﬁt’i‘::'cso‘:“a“°” $17,600,000 | $17,600,000 | $17,600,000 | $17.600,000 | $17.600,000 | $17.600,000 | $17.600,000 | $17,600,000
Estimated AEP Texas Substation $10,111,000 | $10,111,000 | $10.111,000 | $10,111,000 | $10,111,000 | $10,411,000 | $10,111,000 | $10,111,000
Facilities Cost
Estlm.ated Total $141,410,000 | $140,692,000 | $154,614,000 § $138,111,000 § $140,492,000 | $134,977,000 § $133,928,000 | $139,765,000
Project Cost
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Sand Lake - Solstice 345 kV Transmission Line Project
Attachment No. 3 - Estimated Costs

Route 296 Route 297 Route 310 Route 320 Route 324 Route 325 Route 326 IRoute 328
Right-of-way and
Land Acquiciion $10,230,000 | $9,328,000 | $10,947,000 | $9,123,000 | $9.676,000 | $11,000,000 | $10,927.000 | $10,332,000
Engineering and
Desion (Utiy) $2,373,000 | $2.164,000 | $2.536,000 | $2,117,000 | $2.247,000 | $2.553.000 | $2.535.000 | $2,394,000
Engineering and
Design (Contract) $2,856,000 | $2,727,000 | $2,958000 | $2.696,000 | $2.776,000 | $2,970.000 | $2,958,000 | $2,870,000
Procurement of Material
and Equipment $38,921,000 | $34,524,000 | $39,723,000 | $33,587,000 | $36,028,000 | $39,795,000 | $38,914,000 | $38,019,000
(including stores)
Construction of $1,000 $1,000 $1,000 $1,000 $1,000 $1,000 $1,000 $1,000
Facilities (Utility) ‘ ' ' ' ' ' ' ;
Construction of
Faciios (Contrach) $58,889,000 | $52,066,000 | $59,901,000 | $50,696,000 | $54,544.000 | $60,054,000 | $58.716.000 | $57.461,000
Other (all costs not included
in the above categories) $0 $0 $0 $0 $0 $0 $o 30
Estimated Total
Transmission $113,270,000 | $100,810,000 | $116,066,000 | $98,220,000 | $105.272,000 | $116,382,000 | $114,051.000 § $111,077.000
Line Cost
Es“maf:cm:;”;‘;?s'a"°“ $17.600,000 | $17,600,000 | $17,600,000 | $17,600,000 | $17,600,000 | $17,600,000 | $17,600,000 | $17,600,000
Estimated AEP Texas Substation $10,111,000 | $10,111,000 | $10,111,000 | $10.111,000 { $10.111.000 | $10.111,000 | $10,111,000 | $10,111,000
Facilities Cost
Ei‘:g‘j:z"c:‘;a' $140,981,000 | $128,521,000 | $143,777,000 | $125,931,000 | $132,983,000 | $144,093,000 | $141.762,000 | $138.788,000
3of4
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Sand Lake - Solstice 345 kV Transmission Line Project
Attachment No. 3 - Estimated Costs

Route 329 Route 357 Route 366 Route 370 Route 404

Right-of-way and

o Acqution $10,824,000 | $10.189,000 | $10,558.000 | $11.870,000 | $11.542,000
Engineering and

o Ut $2.510,000 | 2,360,000 | s2.451.000 | s2.750,000 | $2.677.000
Engineering and $2,043000 | $2.849,000 | s2.904000 | s3.093000 | $3047.000

Design (Contract)

Procurement of Material
and Equipment
(including stores)

$40,312,000 | $38,406,000 | $40,205,000 | $42,183,000 { $41,928,000

Construction of
Facilities (Utllity) $1,000 $1,000 $1,000 $1,000 $1,000
Construction of
Facilities (Contract) $60,566,000 | $57,975,000 | $60,914,000 | $63,560,000 { $63,165,000
Other (all costs not included $0 $0 $0 $0 $0

in the above categories)

Estimated Total

Transmission $117,156,000 ] $111,780,000 ] $117,033,000 | $123,457,000 } $122,360,000

Line Cost

Estimated Oncor Substation $17,600,000 | $17.600,000 | $17,600.000 | $17,600,000 | $17.600,000
Facilities Cost

Estimated AEP Texas Substation
e oo $10.111,000 | $10.111,000 | $10,411.000 | $10,111,000 | $10,111,000
Estimated Total $144,867,000 | $139,491,000 | $144,744,000 | $151,168.000 | $150,071,000

Project Cost
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Your Power. Our Promise.

June 12, 2018

Mr. Robert W. Bradish

Vice President, Grid Development
American Electric Power

700 Morrison Road

Gahanna, OH 43230

Mr. Eithar Nashawati

Director - Assets Planning

Oncor Electric Delivery

2233-B Mountain Creek Parkway
Dallas TX 75211

Kristian M, Koeliner, PE
Director, Transmission Planning
Lower Colorado River Authority
P.O. Box 220

Austin, TX 78767-0220

RE: Far West Texas Dynamic Reactive Devices and Far West Texas Project 2

On June 12, 2018 the Electric Reliability Council of Texas (ERCOT) Board of Directors endorsed
the following Tier 1 transmission project as needed to support the reliability of the ERCOT
Regional transmission system:

Far West Texas Dynamic Reactive Devices and Far West Texas Project 2:

o  Construct a new approximately 40-mile 345 kV line on double-circuit structures with
two circuits in place from Sand Lake 345 kV Switch Station to Solstice 345 kV
Switch Station

o Add two new 600 MVA, 345/138 kV autotransformers at Sand Lake 345 kV Switch
Station

e Install a new 345 kV circuit on the planned Riverton — Sand Lake double circuit
structures

e Install the second 345 kV circuit on the Odessa EHV - Riverton 345 kV line double
circuit structures between Moss and Riverton (creating a Moss — Riverton 345 kV
cireuit)

o Construct a new Quarry Field 138 kV Switch Station in the Wink — Riverton double-
circuit 138 kV line

o Construct a new approximately 20-mile Kyle Ranch — Riverton 138 kV line on
double-circuit structures with one circuit in place from Kyle Ranch 138 kV Substation
to Riverton 138 kV Switch Station

ATTACHMENT NO. 4
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e Construct a new approximately 20-mile Owl Hills — Tunstill — Riverton 138 kV line
on double circuit structures with one circuit in place from Owl Hills 138 kV Switch
Substation to Riverton 138 kV Switch Station

» Install the second 345 kV circuit on the planned Solstice Switch Station — Bakersfield
Switch Station double circuit structures

e Install one 250 MVAR STATCOM at Horseshoe Springs 138 kV Switch Station
¢ Install one 250 MVAR STATCOM at Quarry Field 138 kV Switch Station
¢ Install 150 MVAR static capacitors at Horseshoe Springs 138 kV Switch Station
e Install 150 MVAR static capacitors at Quarry Field 138 kV Switch Station

Further, the Board of Directors designated the Riverton — Sand Lake 345 kV line, the Sand Lake —
Solstice 345 kV line, and the Bakersfield — Solstice 345 kV line critical to the reliability of the ERCOT
System. Additional details on this project are included in the Attachment A to this letter.

This project was supported throughout the ERCOT planning process, which included participation
of all market segments through the ERCOT RPG. ERCOT’s recommendation to the Board was
reviewed by the ERCOT Regional Planning Group and the ERCOT Technical Advisory Committee
(TAC). ERCOT staff looks forward to the successful completion of the work and is ready to assist
you with any planning and operations related activities.

Should you have any questions please contact me at any time.

Sincerely
%/ %M
D. W. Rickerson

Vice President, Grid Planning and Operations
Electric Reliability Council of Texas

cc:
Shawnee Claiborn-Pinto, PUCT
Bill Magness, ERCOT

Cheryl Mele, ERCOT

Warren Lasher, ERCOT

Jeff Billo, ERCOT

Prabhu Gnanam. ERCOT
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Document Revisions

Date Version Description Author(s)
05/21/2018 1.0 Final Report Xiaoyu Wang, Ying Li, Pniya Ramasubbu
Reviewed by Prabhu Gnanam, Shun Hsien (Fred) Huang.

Jeff Billo
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1.  Executive Summary

In June 2017, the ERCOT Board of Directors endorsed the Far West Texas Project (FWTP), a Tier 1
transmission project to address the transmission needs both in the Culberson Loop area and the
Barilla Junction area that could reliably serve the Culberson Loop load up to 717 MW. Since the
approval of the FWTP project in 2017. Oncor has confirmed that the Culberson Loop has contractually-
confirmed load levels that surpass ERCOT's indicated 717 MW limit for the approved Far West Texas
Project. Therefore. the endorsed FWTP project was assumed to be in-service in 2020 for the purpose
of this study.

in December, 2017, Oncor submitted the Far West Texas Dynamic Reactive Devices (DRD) Project
to the Regional Planning Group (RPG) to meet the summer 2019 Culberson Loop load need. The
proposed DRD project was estimated to cost $86 million and was classified as Tier 1 project. At the
time the DRD project was proposed, the Culberson Loop was projected to have 650 MW by 2019 and
790 MW by 2022 with the inclusion of the existing and confirmed load requests in the area.

in February, 2018, Oncor submitted the Far West Texas Project 2 (FWTP2) to address reliability
requirements and ensure the transmission system in the area is able to meet the projected
contractually-confirmed load level in the Culberson Loop. The proposed FWTP2 project was
estimated to cost $194 million and was classified as a Tier 1 project. At the time the FWTP2 project
was proposed, the Culberson Loop was projected to have 775 MW by 2019 and 1013 MW by 2022
with the inclusion of the existing and confirmed load requests in the area

As of April, 2018, Oncor has confirmed that the Culberson Loop now has contractually-confirmed load
levels of 880 MW for 2019 and 1013 MW for 2022. Oncor has also indicated that additional, known
potential (not yet contractually-confirmed) load increases in the Culberson Loop may push the total to
1339 MW.

Based on the DRD and FWTP2 proposals, ERCOT completed the combined independent review for
both projects together to determine the system needs for both near-term and long-term in a cost
effective manner while providing flexibility to meet potential ioad growth in this region.

Based on the forecasted loads and scenarios analyzed, ERCOT determined that there is a reliability
need to improve the transmission system in Far West Texas. After consideration of several project
alternatives, ERCOT concluded that the upgrades identified in Option 3 meet the reliability criteria in
the most cost effective manner while providing flexibility to accommodate near-term and future load
growth in the area of study. Option 3 is estimated to cost $327.5 million and is described as follows:

» Construct 2 new approximately 40-mile 345 kV fine on double-circuit structures with two circuits
in place from Sand Lake Switch Station to Solstice Switch Station

= Add two new 600 MVA. 345/138 kV autotransformers at Sand Lake 345 kV Switch Station
= Install a new 345 kV circuit on the planned Riverton - Sand Lake double circuit structures

» Install the second 345 kV circuit on the Odessa EHV ~ Riverton 345 kV line double circuit
structures between Moss and Riverton (creating a Moss — Riverton 345 KV circuit)

»  Construct a new Quarry Field 138 kV Switch Station in the Wink — Riverton double-circurt 138
kV line
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* Construct a new approximately 20-mile Kyle Ranch - Riverton 138 kV line on double-circuit
structures with one circuit in place from Kyle Ranch 138 kV Switch Station to Riverton 138 kV
Switch Station

= Construct a new approximately 20-mile Owl! Hills — Tunstill — Riverton 138 kV line on double
circuit structures with one circuit in place from Owl Hills 138 kV Switch Station to Riverton 138
kV Switch Station

= |nstall the second 345 KV circuit on the planned Solstice Switch Station — Bakersfield Switch
Station double circuit structures

= |nstall one 250 MVAR STATCOM at Horseshoe Springs 138 kV Switch Station
* |nstall one 250 MVAR STATCOM at Quarry Field 138 kV Switch Station

= Install 150 MVAR static capacitors at Horseshoe Springs 138 kV Switch Station.
= |nstall 150 MVAR static capacitors at Quarry Field 138 kV Switch Station

Reactive support components, including the STATCOMs and capacitors, should be implemented by
2019  feasible to accommodate the projected 880 MW Culberson Loop demand. Remedial
operational schemes may be required in the Culberson Loop area to mitigate post-contingency voltage
violations in the near-term until all of the recommended transmission upgrades can be put in-service
to meet the Cuiberson Loop area load growth.
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2. intfroduction

Over the past several years the Far West Texas Weather Zone has experienced high load growth.
Between 2010 and 2016 the average annual growth rate was roughly 8%. This strong growth rate
was primarily driven by increases in oil and natural gas related demand. Figure 2.1 shows the total
projected load (MW) served from the Culberson Loop as indicated in the Oncor's Far West Texas
Project 2 (FWTP2) RPG proposal.

1600
1400
1200
1000

600
400
200

Culberson Loop Load (MW}
£0
8

2017 2018 2019 2020 2021 2022
= COnfirmed Load Request 3006 580.2 775 4 893 9644 10131

Total Projected Load
Additions

3006 6703 9838 11634 1292 1339.8

Year

Figure 2.1: Total Projected Load (MW) in the Culberson Loop

Load growth along the Culberson Loop has led to several transmission improvements in the area,
including the Far West Texas Project (FWTP) which was endorsed by the ERCOT Board of Directors
in June, 2017. The FWTP is expected to be implemented by 2020 and will be able to serve up to 717
MW of Culberson Loop load  Significant new load requests to connect to the Culberson Loop have
been observed since the approval of FWTP in 2017 due to growth in the ol and gas activity. As of
April, 2018, the Permian Basin oil and natural gas rig count addition by county. as shown in Figure
2.2, has increased by 28% compared to April, 2017. Also, more than 70% of newly added rigs since
April, 2017 are located in the counties served by the Culberson Loop transmission system (Culberson,
Reeves. Ward, Crane, Loving. and Winkler Counties).
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Figure 2.2 Permian Basin Oil and Natural Gas Rig Count Addition since April, 2017

n December, 2017, Oncor submitted to RPG the Far West Texas Dynamic Reactive Devices (DRD)
Project, designed to meet the expected summer 2019 Culberson Loop load. The proposed DRD
project was estimated to cost $86 million and was classified as a Tier 1 project At the time of the
DRD project RPG submittal, the Culberson Loop load, with the inclusion of all contractually confirmed
load, was projected to be 650 MW by 2019 and 790 MW by 2022. The major components of DRD
project proposal were:

= Construct a new Horseshoe Springs 138 kV Switch Station in the Riverion — Culberson 138 kV
Double-circuit line

Install two 250 MVAR. 138 kV Static Synchronous Compensators (STATCOMs) at Horseshoe
Spring 138 kV Switch Station

in February 2018. Oncor submitted the Far West Texas Project 2 (FWTP2) to address reliability
requirements and ensure the transmission system in the area is able to meet the projected load The
proposed FWTP2 project was estimated to cost $194 million and was classified as a Tier 1 project At
the time the FWTP2 project was proposed, the Culberson Loop area load, again based on
contractually confirmed load requests, was projected to serve 775 MW by 2019 and 1013 MW by
2022. Figure 2.3 shows the proposed FWTP2. The major components of the FWTP2 project proposal
include

o Construct a new approximately 40-mile 345 kV line on double-circuit structures with one circuit
in place from Sand Lake 345 kV Switch Station to Solstice 345 kV Switch Station

= Add two new 600 MVA. 345/138 kV autotransformers at Sand Lake 345 kV Switch Station
o Install a new 345 kV circuit on the planned Riverton — Sand Lake double circuit structures

= Install the second 345 kV circuit on the Odessa EHV - Riverton 345 KV line double circuit
structures between Moss and Riverton (creating a Moss — Riverton 345 kV circuit)
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» Construct a new Quarry Field 138 kV Switch Station in the Wink -~ Riverton double-circuit 138
kV line

Construct a new approximately 20-mile Kyle Ranch — Riverton 138 kV line on double-circuit
structures with one circuit in place from Kyle Ranch 138 kV Substation to Riverton 138 kV Switch
Station

» Construct a new approximately 20-mile Owl Hills — Tunstill — Riverton 138 kV line on double
circuit structures with one circuit in place from Owl Hills 138 kV Switch Station to Riverton 138
kV Switch Station

As of April, 2018. Oncor has updated the contractually confirmed Culberson area load to be 880 MW
by summer 2019 and 1013 MW by 2022. Additional load requests could potentially push the load to
more than 1300 MW in the-Culberson Loop.
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Figure 2.3: Proposed Far West Texas Project 2

Based on both the DRD and the FWTP2 proposals, ERCOT completed this independent review
to determine the system needs in the Culberson Loop area and to address those needs in a cost-
effective manner while providing the flexibility to meet near-term and potential long-term load
growth in this area.

i
456 ¢



ERCOT Independent Review of the Oncor Far West Texas Project 2 and Dynamic Reactive Devices ERCOT Public

3.  Study Assumption and Methodology

ERCOT performed studies under various system conditions to evaluate the system need and identify
a cost-effective solution to meet those needs in the area. The assumptions and criteria used for this

review are described in this section.

3.1, Study Assumption
The primary focus of this review is the Wink — Culberson - Yucca Drive loop transmission system,
referred to as the "Culberson Loop.” Figure 3.1 shows the system map of the study area.
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) Figure 3.1: Transmission System Map of Study Area

Reliability Cases

The following starting cases were used in the study:
The 2020 West/Far West (WFW) summer peak case from the 2017 RTP reliability case

The 2020 Dynamics Working Group summer peak flat start case

L]

Transmission Topology

The starting case was modified based on input from Oncor to include topological changes. switched
shunt additions and load additions in the study area for both near-term 2019 summer peak and 2022

summer peak conditions.
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Study Case Loads and Potential Loads

Oncor provided data regarding increased load projections in the Culberson Loop area. The most
recent Oncor submittal data included 880 MW for 2019 summer peak and 1030 MW for 2022 summer
peak in the Culberson Loop area. Oncor met with ERCOT and shared information on the signed
customer agreements which confirmed these proposed load additions.

Sensitivity cases were also created to reflect higher potential load projections from Oncor. These
cases contained additional customer load requests that did not yet have firm commitment at the time
of this independent review. To reflect this “Potential” load growth, the load was increased by 334 MW
in the Culberson Loop for 2022 summer peak. The tfotal load in the Potential Load Case was
approximately 1347 MW in the Culberson Loop for the Potential Load sensitivity.

Generation

Planned generators in the Far West and West Weather Zones that met Planning Guide Section 6.9
conditions for inclusion in the base cases (according to the 2016 October Generation Interconnection
Status report), which were not included in the RTP cases, were added. The added generators are
listed in Table 3.1.

Table 3.1 Added Generators That Met Planning Guide Section 6.9 Conditions (2018 April GIS report)
GINR Number Project Name MW Fuel County Weather Zone

14INR0044 West of Pecos Solar 100 Solar Reeves Far West

Key assumptions applied in this study include the following:

* Wind generation in West and Far West weather zones were set to have a maximum dispatch
capability of 2.6% of their rated capacity. This assumption was in accordance with the 2016
Regionat Transmission Plan Study Scope and Process document'.

= Solar generation was set at 70% of their rated capacity in accordance with the 2016 Regional
Transmission Plan Study Scope and Process document.

* Considering the oil and gas industry load characteristics (flat load), the most stressed system
condition is during the night when solar generation is not available. To study this condition. no
solar generation was dispatched in the study base conditions

Capital Cost Estimates

Capital cost estimates for transmission facilities were provided by Oncor. AEPSC and LCRA TSC.
These costs were provided for individual transmission facilities and ERCOT used those values to
calculate total project costs for various project options

3.2.  Criteria for Violations

The following criteria were used to identify planning criteria violations

All 100 kV and above busses. transmission fines. and transformers in the study region were monitored
(excluding generator step-up transformers).

= Thermal criteria violations

- Rate A for Normal Conditions

hitp /'www ercot comicontentiwvemdkey _documents_tists/77730/20168_RTP_Scope_Process_v1 3_clean pdf
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- Rate B for Emergency Conditions
= Voltage violation criteria

- 0.95<Vpu<1.05Normal

- 0.90 <V pu < 1.05 Emergency

- Post Contingency voitage deviations

¢ 8% on non-radial load buses

= Dynamic Stability Analysis

- NERC TPL-001-4 and ERCOT Planning Guide Section 4
3.3. Study Tools

ERCOT Public

ERCOT utilized the following software fools for the independent review of the Far West Texas Project:

s PSS/e version 33 was used to perform the dynamic stability analysis and in the initial steady-

state case creation to incorporate the TSP idvs files

= PowerWorld Simulator version 20 for SCOPF and steady state contingency analysis

»  VSAT version 17 was used for voltage stability analysis

= UPLAN version 10.2.0.19928
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4. Project Need

The need for a transmission improvement project was evaluated for the Study Case. Table 4.1
summarized the steady state voltage stability (Power-Voltage) assessment results for the 2019
summer peak. The results showed pre-caontingency voltage stability issues with no transmission
upgrades. Even with the addition of the ERCOT Board of Directors approved Far West Texas Project
(FWTP), as shown in Table 4.1 Scenario 2, the results indicated both voltage violations and voltage
collapse under certain contingencies for the projected Culberson Loop 2019 summer peak load. The
project need analysis results are consistent with the finding of the 2017 FWTP ERCOT independent
review that identified the need for additional upgrades (beyond the FWTP project endorsed in June
2017) to serve loads greater that 717 MW in the Culberson Loop.

Table 4.1 Steady State Volitage Stability Assessment for the Base Case Condition

Tr ission Culberson Load Serving Capability
Scenario Load {MW) ansmissio
Upgrades
NERC P1.P7 NERC P8
880
1. None Pre-contingency Voltage Collapse
{2019 Summer Peak)

2 880 (2019 Summer e ) hﬁ” Voltage Violation | Yo@gezm’diqﬁm
| Peak) = 7] ' VottageCollapse |- - Voitage Goliapse

(1) The Far West Texas Project (FWTP) endorsed by ERCOT Board of Directors in June, 2017
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5. Project Options

5.1. Options Considerations

The FWTP. which was endorsed by the ERCOT Board of Directors in June 2017, was designed to
allow for a number of different expansion options that could accommodate additional load growth. All
project alternatives considered in this study align with the expansion options evaluated as part of the
ERCOT FWTP independent review.

in addition, project options considered in this study were limited to alternatives that included adding
a second 345 kV circuit to the Odessa EHV — Riverton (between Moss and Riverton) and Solstice -
Bakersfield 345 kV lines. This limitation was result of the following considerations:

* The Culberson Loop area has experienced a significant rate of load growth. This evaluation
focused on contractually commitied load with a sensitivity evaluation which includes new
customers that have contacted the TSPs with load requests but have not yet finalized a contract
to construct. However, itis possible that more, presently unknown, load requests will materialize
before the facilities recommended in this evaluation are in service.

* The Odessa EHV — Riverton and Solstice — Bakersfield 345 kV lines have yet to be constructed.
If they were constructed with one circuit in place and a second 345 kV circuit was later deemed
necessary, the construction outage to add the second circuit would greatly reduce the load
serving capability to the Culberson Loop and reduce the operational flexibility during what would
likely be a long duration outage.

* |t is approximately 50% less expensive to construct the two circuits in place at the initial build
than the cost of coming back to install the second circuit at a later time due to reduced access.
environmental and mobilization costs, and construction efficiencies.

In addition, the new 138 kV lines proposed in the FWTP2 project are necessary to strengthen the
Culberson Loop and provide operational flexibility under normal and outage conditions.

5.2.  Short-Listed Options

Based on the considerations listed above and the results of preliminary analysis. the following
"universal” transmission upgrades were included in all of the short-listed options:

* Construct a new approximately 40-mile 345 kV hine on double-circuit structures with two circuits
in place from Sand Lake 345 kV Switch Station to Solstice 345 kV Switch Station

*  Add two new 600 MVA. 345/138 kV autotransformers at Sand Lake 345 kV Switch Station
* Install a new 345 kV circuit on the planned Riverton — Sand Lake double circuit structures

= Install the second 345 kV circuit on the Odessa EHV ~ Riverton 345 kV line double circuit
structures between Moss and Riverton (creating a Moss — Riverton 345 kV circuit)

= Construct a new Quarry Field 138 kV Switch Station in the Wink — Riverton double-circuit 138
kV line

= Construct a new approximately 20-mile Kyle Ranch — Riverton 138 kV line on double-circuit
structures with one circuit in place from Kyle Ranch 138 kV Substation to Riverton 138 kV Switch
Station

10
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= Construct 2 new approximately 20-mile Owl Hills — Tunstill ~ Riverton 138 kV line on double
circuit structures with one circuit in place from Ow! Hills 138 kV Switch Substation to Riverton
138 kV Switch Station

* Install the second 345 kV circuit on the planned Solstice Switch Station — Bakersfield Switch
Station double circuit structures

The following three options were studied further for the reactive support in the Culberson Loop The
detailed description of the three short-listed options are provided below and diagrams for these are
included in the Appendix

Option 1
- Universal transmission upgrades

- Install two 250 MVAR Static Synchronous Compensators (STATCOMs) at Horseshoe
Springs 138 kV Switch Station

The total cost estimate for bptlon 1 is approximately $300.0 Million
Option 2

Universal transmission upgrades

|

Install one 250 MVAR Static Synchronous Compensators (STATCOMs) at Horseshoe
Springs 138 kV Switch Station

- Install capacitor banks with a total capacity of 150 MVAR at Horseshoe Springs 138 kV
Switch Station.

Install capacitor banks with a total capacity of 150 MVAR at Quarry Field 138 kV Switch
Station

The total cost estimate for Option 2 is approximately $292.5 Million.
Option 3

- Universal transmission upgrades

i

Install one 250 MVAR Static Synchronous Compensators (STATCOMs) at Horseshoe
Springs 138 kV Switch Station

- Install one 250 MVAR Static Synchronous Compensators (STATCOMs) at Quarry Field
138 kV Switch Station

- Install capacitor banks with a total capacity of 150 MVAR at Horseshoe Springs 138 kV
Switch Station

Install capacitor banks with a total capacity of 150 MVAR at Quarry Field 138 kV Switch
Station

|

The total cost estimate for Option 3 Is approximately $327.5 Million.

il
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6. Voltage Stability and Dynamic Stability Analysis

A Power-Voltage (PV) analysis was used in the steady state voltage stability assessment for the
Culberson Loop area for all short-listed options for the studied scenarios. A Power-Voltage (PV)
analysis was used to proportionally increase the load in the Culberson Loop until a voltage collapse
identified the maximum load serving capability for the options. Table 7.1 shows the results of this
analysis, indicating the maximum loads in the Cutberson Loop area that can be reliably served by the
three identified project options. A sensitivity analysis was conducted to evaluate the impact of nearby
generators to the Culberson Loop load serving capability. All five generators at the Permian Basin
(PBSES) generation station were off-line in the study case. The PV results are in listed in Table 7.1

Table 7.1 Voltage and Dynamic Stability Assessment of All Options for Culberson Loop Load Serving

Capability
Culberson Loop Load Served (MW)
Description Option 1 Option 2 Option 3
PV Voitage Collapse Resulis {NERC P1. P6.
P7, ERCOT Events) 1608 1568 1688
PV Voitage Collapse Resuits (without PBSES
Units) (NERC P1, P6, P7, ERCOT Events) 1508 1468 1648
Dynamic Stability Result (without PBSES
UﬂitS) (NERC P1. P6, P7, ERCOT Events)"’ Acceptable Acceptable Acceptable
Estimated Capital Cost (3M) 300 2025 327 5

(1) Dynamic stability was conducted at the Culberson Loop load level identified in the PV voltage collapse results

The majority of the loads in the study area were assumed to be oil and gas customers who employ
voltage-sensitive electric equipment in their operations. As specified by Oncor, heavy motor load was
assumed to represent the load characteristic in the study area All three options were tested using
time domain dynamic stability simulations including a dynamic load model provided by Oncor to
evaluate system stability.

It was assumed that if simulations indicated an acceptable (stable) system response following severe
events and/or three-phase faults, the stability response would also be acceptable for the same events
with a single-line-to-ground (SLG) fauit. If a potential stability issue was observed, the simutation was
rerun with SLG fauits to ensure a stable system response following a NERC planning event. In this
way the analysis demonstrated compliance with NERC pianning standards and ERCOT reliability
criteria. In these simulations, selected ERCOT transmission buses were monitored for angle and
voltage responses.

The dynamic event definitions included the removal of all elements that the protection system and
other automatic controls are expected to disconnect for each event. The dynamic simulation resulis
are also listed in Table 7.1.

None of the three options will be fully in-service prior to summer 2019, when the load i1s projected to
reach 880 MW. since the new transmission lines will not be constructed. As a result, a PV analysis
was conducted for the 2019 summer condition assuming only the reactive devices n all three options
can be implemented to support the Culberson Loop in 2019  The PV analysis results are histed in
Table 7 2. The results indicate that for Options 1 and 2 additional operational mitigation measures will
be needed to maintain reliability prior to the new transmission lines being put in place. These
operational mitigation measures may include (but are not limited to) undervoltage load shed.
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Table 7.2 Steady State Voltage Stability Assessment of All Options for Culberson Loop Load Serving
Capabitity with Reactive Devices Only

Culberson Loop Load Served (MW)

Description Option 1 Option 2 Option 3

PV Voltage Collapse Results (reactive devices only'!
(NERC P1, P6, P7, ERCOT Events)
PV Voltage Collapse Results (without PBSES units) (reactive .
devices only" (NERC P1, P6, P7, ERCOT Events) 72 741 880

(1). Assuming reactive devices will be in service before new transmission lines
(2) Oncor indicated that the reactive devices identified to be located at Quarry Field 138 kV Switch Station may not be
In service by summer 2019 ERCOT performed a PV analysis considering only the reactive devices iocated at
Horseshoe Springs from Option 3 The results showed that without the Quarry Field reactive devices in service. Option
3 would have a load serving capability of 721 MW.

801 821 1001
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7. Economic Analysis

Although this RPG project is driven by reliability needs, ERCOT also conducted an economic analysis
to identify any potential impact on system congestion related to the addition of the transmission
upgrades.

The base case for this economic analysis used the 2023 economic case built for the 2017 RTP as the
starting case. The topology changes and generation additions were similar {o the steady state base
case built. ERCOT modeled each of the three short-listed options and performed production cost
simulations for the year 2023. The annual production analysis showed no measurable congestion
impact on the ERCOT System with the addition of the transmission upgrades.
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8.  Subsynchronous Resonance (SSR) Vulnerability Assessment

According to Protocol Section 3.22.1.3(2), ERCOT performed a SSR vulnerability assessment using
topology check and the resulits indicated that ali three short-listed options strengthen the transmission
network and increase the required transmission circuit outages o have a Generation Resource
become radial to series capacitors. The SSR assessment results showed no SSR vulnerability for
any existing Generation Resources or Generation Resources satisfying Planning Guide Section 6.9
conditions for inclusion in the planning models at the time of this study.
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9. Final Options Comparison

As shown in Table 9.1, a comparison of study results for the three options shows that Option 3, shown
in Figure 9.1, met the system reliability criteria under the studied load conditions while providing better
load serving capability to accommodate both the near-term and potential future load needs in the

Culberson Loop area.

Table 9.1 Options Comparison

ERCOT Public

Description Option 1 Option 2 Oplion 3
Capitat cost ($ Million) 300.0 2025 327.5
PV Results, Culberson Load Served 1608 1568 1688
PV Resuits, Culberson Load Served (with only reactive support devices

recommended in the options) 801 821 1001
PV Results, Culberson Load Served (without PBSES Units) 1508 1468 1648

PV Results, Culberson Load Served (without PBSES Units) (with only )
reactive support devices recommended in the options) e oL 880

Dynamic Stability Results, Culberson Load Served Acceplable | Acceptable | Acceptable

Option 3
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==  Proposed Cap Banks

Figure 9.1: Option 3
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10. Sensitivity Studies

Sensitivity studies were performed to ensure compliance with Planning Guide requirements.
10.1. Generation Sensitivity Analysis

According to Planning Guide Section 3.1.3(4)(a), the generation sensitivity analysis will evaluate the
effect that proposed Generation Resources in or near the study area will have on a recommended
transmission project. Based on the 2018 April Generator Interconnection Status report, Table 10.1.1
shows all the generators in the area that met Planning Guide 6.9 and Table 10.1.2 shows all the
generators in the area with a signed standard generator interconnection agreement (SGIA) that did
not meet Planning Guide 6.9 conditions for inclusion in the planning models. Considering the oil and
gas industry load characteristics, the most stressed system condition is during the night when solar
generation is not available. No solar generation in the Culberson Loop was assumed available in the
study base conditions. Therefore, the proposed Generation Resources in the Culberson Loop area
will have no impact on the recommended transmission project.

Table 10.1.1 Generators Met Planning Guide Section 6.9 Conditions (2017 March GIS report)
GINR Number Project Name MW Fuel County Weather Zone
14INRO044 West of Pecos Solar 100 Solar Reeves Far West

Table 10.1.2 Generators with SGIA That Did Not Meet Planning Guide Section 6.9 Conditions (2017 March GIS

report)
GINR Number Project Name Mw Fuel County Weather Zone
18INR0022 Winkler Solar 150 Solar Winkler Far West

10.2. Load Scaling Impact Analysis

Planning Guide Section 3.1.3(4) (b) requires evaluation of the impact of various load scaling on the
criteria violations seen in the study cases.

Because the voltage violations were observed at load serving buses inside the Culberson Loop.
ERCOT assumed that the load scaling in the outside weather zones did not have a material impact on
the observed need.
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11. Conclusion

Based on the forecasted loads and scenarios analyzed, ERCOT determined that there is a reliability
need to improve the transmission system in Far West Texas. Afier consideration of the project
alternatives, ERCOT concluded that the upgrades identified in Option 3 meet the reliability criteria in
the most cost effective manner and provide needed load serving capability to the rapid oil and gas
industry load growth in the Culberson Loop area. Option 3 is estimated to cost $327.5 million and is
described as follows:

«  Construct a new approximately 40-mile 345 kV line on double-circuit structures with two circuits
in place from Sand Lake 345 kV Switch Station to Solstice 345 kV Switch Station

* Add two new 600 MVA, 345/138 kV autotransformers at Sand Lake 345 kV Switch Station
» Install a new 345 kV circuit on the planned Riverton — Sand Lake double circuit structures

* Install the second 345 kV circuit on the Odessa EHV — Riverton 345 kV line double circuit
structures between Moss and Riverton (creating a Moss —~ Riverton 345 kV circuit)

= Construct a new Quarry Field 138 kV Switch Station in the Wink — Riverton double-circuit 138
kV line

» Construct a new approximately 20-mile Kyle Ranch — Riverton 138 kV line on double-circuit
structures with one circuit in place from Kyle Ranch 138 kV Substation to Riverton 138 kV Switch
Station

» Caonstruct a new approximately 20-mile Owl Hills — Tunstill — Riverton 138 kV line on double
circuit structures with one circuit in place from Owl Hills 138 kV Switch Substation to Riverton
138 kV Switch Station

= install the second 345 kV circuit on the planned Solstice 345 kV Switch Station — Bakersfield
345 kV Switch Station double circuit structures

* |nstall one 250 MVAR STATCOM at Horseshoe Springs 138 kV Switch Station
* [nstall one 250 MVAR STATCOM at Quarry Field 138 kV Switch Station
= nstall 150 MVAR static capacitors at Horseshoe Springs 138 kV Switch Station
* Ipstall 150 MVAR static capacitors at Quarry Field 138 kV Switch Station

The reactive support components. including STATCOMs and capacitors, recommended in Option 3
should be implemented by 2019 if feasible to accommodate the projected 880 MW Culberson Loop in
summer 2019  Additionally, the sizing of capacitor bank stages should take into account operationat
considerations Remedial operational schemes may be required to mitigate post-contingency voltage
violations in the Culberson Loop area until the recommended transmission upgrades can be built to
reliably serve the increasing load.
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12. Designated Provider of Transmission Facilities

in accordance with the ERCOT Nodal Protocols Section 3.11.4.8, ERCOT staff is to designate
transmission providers for projects reviewed in the RPG. The default providers will be those that own
the end points of the new projects. These providers can agree to provide or delegate the new facilities
or inform ERCOT if they do not elect to provide them. If different providers own the two ends of the
recommended projects, ERCOT will designate them as co-providers and they can decide between
themselves what parts of the recommended projects they will each provide.

Oncor owns the Odessa EHV Switch Station, Moss Switch Station and is planning to construct and
own the new Riverton Switching Station and therefore is the presumed owner of the Riverton Switching
Station. Therefore, ERCOT designates Oncor as the designated provider for the 345 kV Odessa EHV
to Riverton and Moss to Riverton transmission facilities along with the two recommended 345/138 kV
autotransformers at Riverton.

LCRA TSC owns the Bakersfield Switchyard while AEPSC is constructing and planning to own the
new Solstice Substation and therefore is the presumed owner of the Solstice Substation. Therefore,
ERCOT designates AEPSC and LCRA TSC as the designated co-providers for the 345 kV Bakersfield
to Solstice transmission facilities but AEPSC as the provider of the two recommended 345/138 kV
autotransformers at Solstice.

Oncor is planning to construct and own the new Sand Lake Switching Station and therefore is the
presumed owner of the Sand Lake Switching Station, while AEPSC is constructing and planning to
own the new Solstice Substation and therefore is the presumed owner of the Solstice Substation
ERCOT designates Oncor and AEPSC as the designated co-providers for the 345 kV Sand Lake to
Solstice transmission facilities and Oncor as the provider of the two recommended 345/138 kV
autotransformers at Sand Lake Switch Station.

Oncor owns all the 138 kV Switch Stations listed in the recommended Option 3. Therefore, ERCOT
designates Oncor as the designated provider for all the 138 kV transmission facilities along with the
proposed STATCOMs and static capacitor banks.

The designated TSPs have requested critical designation status for the Riverton — Sand Lake 345 kV
Line. the Sand Lake — Solstice 345 kV Line, and the Bakersfield — Solstice 345 kV line for mulitiple
operational and reliability needs to address the rapid load growth in the Culberson Loop area ERCOT
designates the project critical to reliability per PUCT Substantive Rule 25.101(b)}3)D).

19

470



ERCOT independent Review of the Oncor Far West Texas Project 2 and Dynamic Reactive Devices

13.

Appendix

ERCOT Public

Options Diagrams
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Executive Summary

This report describes the purpose and necessity to construct the Far West Texas Project (FWTP). The FWTP consists
of a 345 kV line from Odessa to Moss to Permian Basin to Mason to Pecos to Barrilla to Fort Stockton to Rio Pecos
to Bakersfield; with the initial installation of 345/138 kV autotransformers at Riverton, Solstice and Lynx stations.
The estimated total cost of the project is $423 million with an in-service date of 2022 or sooner. it also provides for
longer term growth in the Region by allowing for the future addition of a second 345 kV circuit and additional
autotransformer installations. This is a joint project of American Electric Power Service Corporation (AEP) and
Oncor Electric Delivery Co LLC (Oncor). We are requesting that ERCOT and the Regional Planning Group (RPG)
consider and review this proposed project to address transmission constraints and needs.
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AEP and Oncor continue to monitor West Texas load growth due to oil and natural gas production, transportation,
mid-stream processing, and associated support activities in the Permian Basin. The Delaware Basin remains very
active and significant load growth is resulting in the need for the addition of new transmission infrastructure in
areas where little existed previously.

Additionally, AEP and Oncor continue to monitor new generation interconnection requests in the region. The
Barrilla Junction Area southwest of Odessa remains very active with solar generation developments that will require
additional transmission capacity and support.

The Far West Texas Project is needed to:
e Provide reliable service to current and future load
¢ Relieve planning criteria violations including overloading and voltage coilapse with loss of load
e  Support continuing oil/natural gas load growth and new generation interconnections
e Provide injection sources to aid short circuit strength limitations and meet system protection requirements
e Increase transmission operational flexibility under various normal and contingency conditions
e Provide a path for long-term upgrades to the region

AEP and Oncor are proposing and seeking endorsement of the FWTP which is proposed to be fully completed by
2021 to 2022. This date may change based on uncertainty in the timing of certification, environmental assessment,
land acquisition, critical project status and/or other requirements.
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Introduction

This report describes the need to construct the approximately 219-mile Far West Texas Project (FWTP) in Ector,
Reeves, Pecos, Ward, and Winkler Counties.

The need to expand transmission facilities in West Texas is driven by increasing load due to the oil and natural gas
industry and by solar generation development. Horizontal drilling technology has expanded production in the
Permian Basin and resulted in increased electric demand to meet the requirements of oil and natural gas field
operations, mid-stream processing, and a growing local economy. Much of this activity focuses on one of the
largest reservoirs known as the Delaware Basin, and shown below in Figure 1.
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Figure 1 — Location of Delaware Basin

The loads in the Delaware Basin area are served by three Transmission Service Providers (TSPs) including Oncor,
AEP, and Texas New Mexico Power (TNMP). All TSPs continue to support this growth with local area projects
including the upgrade of existing transmission lines, installation of new and upgraded autotransformers, the
conversion of the 69 kV system to a stronger 138 kV service, the installation of reactive devices, and the addition of
substation capacity.

Oncor recently completed rebuilding the 138 kV line sections between Mason Substation and Screwbean
Substation, which is part of a 74-mile radial line that extends from the Wink Switching Station (Sw. Sta.) to the
Culberson 138 kV Sw. Sta. in Culberson County. The remaining 138 kV line section between Screwbean Substation
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and Culberson is planned for reconstruction by the end of 2017. Oncor will also begin construction on the new
Yucca Drive — Culberson 138 kV Line in 2016. Yucca Drive is a new switching station near the Permian Basin Sw. Sta.
located in Ward County. The new line will complete a 138 kV loop from Wink to Culberson and back to Yucca Drive
(The Wink — Culberson — Yucca Drive Loop). In support of this Loop, Oncor recently submitted the new Riverton —
Sand Lake 138 kV Line proposal to the ERCOT RPG.

AEP and Oncor also recently submitted the Barrilla Junction Area Improvement Project proposal to the ERCOT RPG,
which includes rebuilding the Yucca Drive — Barrilla Junction 138 kV Line. The area southwest of Odessa, served by
the 69 kV and 138 kV lines between Permian Basin, Barrilla Junction, Fort Stockton Plant, and Rio Pecos stations
(The Barrilla Junction Area) has seen an increased interest in solar generation development.

While these previously submitted projects are effective in addressing local issues, they provide limited
improvement on a larger scale and do not provide a new transmission source, a 345 kV source, to satisfy the
growing load and the interconnection needs of new generation in the Far West Texas area. Both the previously
submitted 138 kV projects and the FWTP needed as part of the long-term plan in West Texas .

The location of the FWTP and surrounding transmission system is shown below in Figure 2. The respective areas of
The Wink — Culberson — Yucca Drive Loop and The Barrilla Junction Area are shown within the blue circles.
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Figure 2 — Location of the Far West Texas Project
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Purpose and Necessity

Load Growth

The electric load in West Texas has grown dramatically over the last several years. This load growth is continuing
due to the oil/natural gas industry and supporting businesses. Recent improvements in oil and natural gas
horizontal drilling technologies have increased activity in the area, resulting in major load growth at existing
substations and the need for new substations to serve the added load in Far West Texas. Despite declining oil
prices over the last 18-24 months, AEP and Oncor have continued to experience increased loads in this area
compared to historical load levels. This increase in oil and natural gas production, transportation and mid-stream
processing has resulted in economic growth in the area that is supporting the industry. Figure 3 below shows the
growing load in the area despite a production drawback in the Permian Basin.
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Figure 3 — Growing Aggregate Load vs. Oil Production

While the oil and natural gas production levels have recently leveled, the business friendly environment of Texas,
existing infrastructure, and the éeological characteristics of the Permian Basin make it a prime candidate to be the
first oil and natural gas area that returns to high growth levels. Additionally, developing improvements in
horizontal drilling technologies are resulting in improvements in efficiencies, speed, and service cost reductions
which will only improve horizontal well margins and economics as time progresses. More background info and data
is available from the link below for the “Qil and Gas Seminar — An Education on the Permian Basin Production and
Processing Techniques” held November 10, 2015 at ERCOT in Austin, TX.
http://www.ercot.com/calendar/2015/11/10/76898-WORKSHOPS

American Electric Power Service Corporation | Oncor Electric Delivery Company LLC
Far West Texas Project
CDW BRK PMB KAD MDW GAR DEK MYT | 04/20/2016

478



Secondary facilities that follow and support production, including midstream processing plants, also create a

challenge for area TSPs as they are large amounts or “blocks” of load, sometimes 40 to 100 MW located 50 to 100
miles apart. The inherent nature of midstream facilities results in wide variations in electrical power needs and
geography, allowing for little predictability or transparency into exact locations for these developments, other than
being regionally located with production fields. The need for transmission facilities to adequately serve these types
of midstream facilities is critical since such large loads can have large, stressing impacts on transmission system

capacity and volt

The FWTP is located in the Delaware Basin, a highly active area for drilling for oil and natural gas in the western

age.

portion of the Permian Basin. The electrical summer peak load for Oncor counties within the Delaware Basin,

including Culberson, Reeves, Loving, Ward and Winkler Counties grew at an annual rate of approximately 13% from
2012 to 2015. Oncor’s expected annual growth for the area will average 11% over the next five years and 7.0% over

the next 10 years.

The table below shows the sum of historical and projected summer peak loads (MW) for The Wink — Culberson -
Yucca Drive Loop. The loads from 2010 to 2015 are actual summer peaks (MW), and the loads for 2016 to 2021 are
projected summer peaks (MW} from the 2016 Annual Load Data Request (ALDR). These projections only include
confirmed load increases from normal load forecasting and signed customer agreements. There are other active
inquiries to connect additional customers in the area, but the load associated with these requests has not been

included in Table 1.
Historical Load Projected Load
2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021
Total (MW) | 22.4 | 21.6 | 33.4 | 53.2 | 89.7 | 1054 | 231 304 | 343 391 | 411 | 426

Currently AEP projects over 350 MW of summer peak load for The Barrilla Junction Area. With the oil and natural
gas activity in the area, AEP anticipates that The Barrilla Junction Area load will grow to over 500 MW by 2021 with
over 160 MW being served by the Yucca Drive — Barrilla Junction 138 kV Line alone. Table 2 below shows the sum

Table 1- Historical and Projected Load (MW) Served from the Wink - Culberson — Yucca Drive Loop

of projected summer peak loads (MW) being served by the Barrilla Junction Area transmission lines.

2016

2017

2018

2019

2020

2021

Total (MW)

387

454

483

487

490

511

Table 2- Projected Load (MW) Served from the Barriila function Area Lines

Oncor studies have shown that as load increases in the Delaware Basin on The Wink — Culberson — Yucca Drive
Loop, additional projects will be needed to adequately serve the load. AEP studies have shown that after the

Barrilla Improvement Transmission Project, additional thermal issues will exist on the two 138 kV paths between
Barrilla Junction/Solstice and Rio Pecos. Additional transmission infrastructure improvements will be needed to
reliably serve growing load in the region.
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Generation Growth

The Barrilla Junction Area is under increased interest for solar generation development. As of April 2016, more
than 7,700 MW of solar development projects are currently in the ERCOT generation interconnection process, most
of which are concentrated in the West and Far West weather zones of West Texas where transmission
infrastructure is either relatively weak or no infrastructure exists.

Currently there is over 1,650 MW of renewable generation in The Barrilla Junction Area including a 160 MW wind
facility (Woodward Mountain) that is interconnected west of Rio Pecos. There is approximately 850 MW of
conventional generation north of the Barrilla Junction Area at Permian Basin SES, Odessa Ector, and Quail. Figure 4
below shows The Barrilla Junction Area and surrounding generation.

4 Area Thermal
Generation
850 MW

Area Solar Genéraj;ion
400 MW (existing and under A}

Figure 4- Barrilla Junction Area and Surrounding Generation

Both AEP and Oncor have received multiple inquiries for generation interconnects in the region. Based on the
March 2016 ERCOT Transmission Generation Interconnect Project list, there are 27 projects in the planned status in
the FWTP’s surrounding counties of Culberson, Pecos, Reeves, and Winkler counties totaling 3,380 MW of new
generation. New solar generation developments account for 25 of the 27 projects.
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Oncor has 5 requests in the study queue for generation interconnects in the FWTP’s surrounding area, totaling 758
MW of new generation. New solar generators represent 4 of the 5 requests, totaling 635 MW.

AEP has approximately 1,000 MW in signed interconnect agreements (IAs) with solar generators that are
connecting in Pecos, Reeves, and Upton counties with approximately 400 MW connecting directly on the 138 kv
and 69 kV transmission system in the Barrilla Junction Area. In addition, AEP has an additional 1,000 MWs of
generation in the study queue.

The solar generation facilities in The Barrilla Junction Area include:

e Barrilla Solar (50 MW) located just west of the existing Barrilla Junction 138 kV Station

* Rose Rock {150 MW) that has an executed IA and is under construction which will interconnect at the
Barrilla Junction/Solstice Station

e Qak Solar (150 MW) that has an executed IA and will be connected to the Fort Stockton Plant 138 kV
Station

e Solaire Holman (50 MW) that has an executed IA and will be connected to the Ft. Stockton Plant — Alpine 69
kV Line

e East Pecos Solar (120 MW) that has an executed IA and will be connected at Bakersfield 345 kV Station

e Maplewood Solar (500 MW) that has an executed IA and will be connected at Bakersfield 345 kV Station

AEP studies indicate that the transmission lines in The Barrilla Junction Area will be close to their maximum transfer
capability with the interconnection of these future solar generation facilities. As a result, transmission
infrastructure improvements will be needed in the region to support future solar development. With Federal
Investment Tax Credits extended, solar and other renewable generation developments in the area are expected to
continue.

The Far West Texas Project satisfies existing and anticipated reliability needs, creates new pathways for new
generation to access the 345 kV transmission system, increases transfer capacity, and enables reliable transfer to
load centers. Completion of the FWTP also provides greater flexibility in conventional generation dispatch, which
should help address congestion in the area.
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Oncor Studies

Oncor studies identified certain outages on The Wink — Culberson — Yucca Drive Loop that result in unacceptable
system conditions. The worst contingency in this region is loss of the Wink — Loving 138 kV line section, which
causes the remaining line sections looking toward Culberson and Yucca Drive to be insufficient to maintain
adequate system operating conditions, resulting in an unsolved contingency during power flow analysis. The
unsolved contingency shows an inability of the power system to maintain stable bus voltages following a
disturbance or deviation from its initial operating condition. These unacceptable voltage conditions in the area will
increase as load on The Wink — Culberson — Yucca Drive Loop rises to even higher levels.

Upon seeing these issues, Oncor began development and completion of several projects in the area. In addition to
completing the rebuild of the existing Wink — Culberson 138 kV Line, Oncor has plans to instail a shunt capacitor at
Castile Hills and install second circuits on both the Wink — Culberson and the new Yucca Drive — Culberson 138 kV
lines. In addition to installing double-circuits on The Wink — Culberson — Yucca Drive Loop, Oncor will relocate some
substations onto the new second circuits in order to help voltage regulation and further diversify line loading.
Support is also provided by the addition of the Riverton — Sand Lake 138 kV Line currently under review by the
ERCOT RPG.

While these projects would initially help support system voltages pre- and post-contingency, additional voltage
support will be needed in the area as the load continues to grow. Dynamic stability studies indicate additional
improvements are needed in the area in order to support system voltage levels and increase system strength.

Below in Figure 5, the worst single-circuit branch outage voltage plot is shown with all the previously mentioned
projects in place. The Wink — Culberson — Yucca Drive Loop voltage response is able to stabilize to acceptable
fevels, however delayed voltage recovery is evident, which could cause problems for customer load, particularly
those of oil and natural gas customers. The simulation assumed heavy motor load, typical of oil and natural gas
load in the area, using a 2019 base case.
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Figure 5 ~ Dynamic Voltage Response of Wink — Culberson — Yucca Drive Loop for Worst Single-Circuit Branch Outage
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The majority of the loads on these lines serves oil and gas customers who employ voltage sensitive electric
equipment in their operations. For example, many customers are using electric submersible pumps (ESP) as the
artificial lift technology for wells. This type of load operates continuously (24 hours/day, 7 days/week) under
normal conditions and maintains a high load factor.

With certain double-circuit branch outages, The Wink — Culberson — Yucca Drive Loop is unable to recover to
normal levels, which does not meet the ERCOT voltage recovery criteria in the Planning Guide. Figure 6 below
shows voltage response under this scenario with the same base case assumptions.
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Figure 6 — Dynamic Voltage Response of Wink — Culberson — Yucca Drive Loop for Worst Double-Circuit Branch Outage
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Certain contingencies beyond NERC requirements can result in consequential load loss or result in a radial 138 kV
transmission line exceeding 100 miles in length. Although these contingencies are beyond base planning
requirements, the severe consequences merit consideration. The resulting transmission system is skeletal and
fragile making discrete switched shunt reactive support not practical because power angles become excessive, and

local voltage collapse with loss of load can occur. Figure 7 below shows the simulated dynamic voltage response of

The Wink — Culberson — Yucca Drive Loop for one such scenario.
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Figure 7 — Dynamic Voltage Response of Wink — Culberson — Yucca Drive Loop for N-1-1 contingency (Light Motor Load)

It should be noted that while this simulation is above normal minimum study requirements, it is in line with
clearance requests and has significant consequences including load loss exceeding 300 MW. Additionally, the
simulation plot above was performed assuming light motor load. If heavy motor load is assumed the dynamic
stability simulation fails to converge after the second fault. In fact for The Wink — Culberson — Yucca Drive Loop,

heavy motor load may be a more reasonable assumption given the amount of oil and natural gas related customers

served from this line. In that scenario, after the system is adjusted, the next contingency results in a local voltage
collapse and loss of load that cannot be mitigated by normal operator action. The voltages at Permian Basin and

Wink however do stabilize, showing the condition does not propagate to the rest of the system.
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The FWTP will strengthen system voltage and provide a strong 345 kV source into The Wink — Culberson — Yucca
Drive Loop. This will address the voltage collapse concerns described previously and provide a resilient long-term
solution for increasing system strength in the area. Figure 8 and Figure 9 below show the same dynamic simulation
with the FWTP modeled. Figure 8 shows the voltage response assuming light motor loading and Figure 9 shows the
voltage response assuming heaving motor load. In both cases, the voltage collapse conditions after the worst N-1-1
contingencies are completely mitigated by the 345 kV loop.
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Figure 9 — Dynamic Voltage Response of Wink — Culberson — Yucca Drive Loop for N-1-1 contingency (Heavy Motor Load) — FWTP
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ERCOT Studies

ERCOT identified similar planning criteria violations to the Oncor studies in its 2015 Regional Transmission Plan
(RTP) and its preliminary 2015 West Texas Study (WTS) results.

The 2015 ERCOT RTP shows similar results to the Oncor studies in the Culberson loop area, with the RTP cases
becoming unsolvable under the P1 contingency loss of any one of several single segment circuits on The Wink —
Culberson — Yucca Drive Loop. Using the 2015 ERCOT RTP 2018 Summer case posted by ERCOT on April 14, 2015,
the same unsolved case conditions can be seen after loss of the Wink — Wildcat 138 kV line section. Using either
the 2015 ERCOT RTP 2020 or the 2021 cases, the same unsolved case conditions result after the loss of either the
Loving — Anderson Ranch or the Wink — Wildcat 138 kV line sections.

As a result, the need for this project was identified in the 2015 RTP as reliability project 2015 RTP-FW3. A portion of
the FWTP for a new 345 kV line to the area from Odessa EHV and Moss was identified as a potential project
solution. Currently ERCOT is working on the 2016 RTP and has indicated to Oncor that the preliminary results are
showing similar issues in the area.

Similarly, the same conditions were seen in the preliminary results provided to Oncor for the 2015 ERCOT WTS.
Using the 2015 ERCOT WTS 2017 Summer Case posted by ERCOT on May 15, 2015, loss of the Wink — Loving 138 kV
line section results in The Wink — Culberson — Yucca Drive Loop unable to maintain adequate voltage limits and
results in the same unsolved case conditions seen by Oncor studies. The ERCOT WTS 2019 and 2020 cases show

similar results under the same contingencies.

AEP Studies

As part of the Barrilla Junction Area Improvement Project RPG submission, AEP performed numerous steady-state
studies assessing the integrity of the transmission system in The Barrilla Junction Area. In these studies, AEP
identified additional thermal and voltage violations beyond the direct interconnection facilities of the Barrilla
Junction to Yucca Drive 138 kV Line that exceed thermal ratings. These include the 138 kV and 69 kV transmission
lines heading south from Barrilla Junction towards the Marfa and Ft. Davis Area, as well as the 138 kV and 69 kV
transmission lines heading east from Barrilla Junction/Solstice towards Ft. Stockton Plant and Rio Pecos.

In order to determine the most appropriate system conditions to model for evaluating the reliability of the study
area, several scenarios were considered. Combinations of wind, gas and solar generation dispatch were adjusted,
simulated, and results compared. Each of the adjusted system conditions used to determine the final scenarios
analyzed for the study are detailed in the sections below.

AEP utilized the summer peak power flow cases with High Solar/Low Wind/High Gas (HS/LW/HG), High Solar/High
wind/Low Gas (HS/HW/LG), Low Solar/Low Wind/Low Gas (LS/LW/LG) and Low Solar/Low Wind/High Gas
(LS/LW/HG) dispatches.
e In the Low Wind (LW) dispatch, all the area wind generators were dispatched at 20% with the exception of
the two Woodward units that were dispatched to 0%.
o |n the High Wind (HW) dispatch, all area wind generators including the Woodward units were dispatched at
100% of Pmax.
e Inthe Low Solar (LS) dispatch, all the solar generators in the study area were dispatched to 0%.
e Inthe High Solar (HS) dispatch, all solar generators in the study area were dispatched at 100% of Pmax.
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e In the Low Gas (LG) dispatch, all the area gas generators were dispatched at 20% with the exception of the

Permian Basin gas units that were dispatched at 0%.

e In the High Gas (HG) dispatch, all the area gas generators were dispatched at 100% of Pmax.

The dispatch assumptions associated with the HS/LW/HG, HS/HW/LG, LS/LW/LG and LS/LW/HG scenarios are
shown below in Table 3.

2020 HS/LW/HG | 2020 HS/HW/LG 2020 LS/LW/LG 2020 LS/LW/HG
Solar 100% 100% 0% 0%
Wind 20% 100% 20% 20%
Woodward 20% 100% 0% 0%
Gas 100% 20% 100% 100%
Permian 100% 20% 0% 100%

Table 3 — AEP Barrilla Junction Area Study Dispatch Assumptions

As mentioned in the Barrilla Junction Area Improvement Project RPG submittal, AEP studies revealed a number of

remaining thermal issues on the two 138 kV transmission paths out of Rio Pecos after the Barrilla Junction Area

Improvement Project is implemented. The resulting line loading in The Barrilla Junction Area is shown below in

Table 4.
Study Case Study Case Study Case
Branch Rate C (MVA) LW/LS/LG HW/HS/LG LW/HS/HG
N %Loading %Loading %Loading
Rio Pecos — Woodward Tap 138 kV 10 | A 20 18
Rio Pecos — TNMP Woodward Tap 138kV 154 131 113 70
Ft. Stockton Plant 138/69 kV auto transformer 68.8 116 123 67
Ft. Stockton — Tombstone 138 kV 170 99 38 23
Ft. Stockton Plant — TNMP Airport 138 kV 158 106 38 21
Ft. Stockton Plant — Barrilla Jct/Solstice 138 kV 170 124 106 65
Woodward Tap — Tombstone 138 kV 170 124 48 ‘ 28
Ft. Stockton — Barrilla Junction 69 kV 38 116 127 58
TNMP 16" Street —- TNMP Woodward Tap 138 kV 154 131 59 18
TNMP 16" Street — TNMP Airport 138 kV 158 113 44 14

Table 4 — AEP Barrilla Junction Area Study Line Loading

AEP studies show certain scenarios where the amount of generation able to be exported from the Barrilla Junction
Area would be limited because of thermal constraints on the transmission system. With the large amount of
generation coming online and significant constraints due to the limited exit paths out of the Barrilla Junction Area,
generators in the area would likely see curtailments until additional transmission improvements were made in the
region.

Additionally, further stability studies have identified voltage stability concerns in the McCamey 138 kV transmission
system as a result of the additional generation interconnections at or near the Bakersfield Sw. Sta. The studies
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identified certain scenarios where a N-1-1 contingency would limit the amount of generation that can be exported
due to voltage stability concerns.

The FWTP will provide an additional export path for generation that would otherwise flow into the McCamey 138
kV system, addressing export limitations due to potential voltage instability. Additionally, the project would create
a looped exit path for the approximately 2.2 GW of potential new generation coming online in the Far West Texas
transmission system.

Short Circuit Strength

Short circuit strength in the FWTP’s area is also a concern. In the FWTP’s area, there are several long lines with
significant load that could become radial under P1 contingencies. If a radial line is both long and heavily loaded, it
can become difficult for relays to distinguish between fault and load current. Furthermore, low short circuit
strength can cause issues for customers, such as inability to start large motors.

Low short circuit strength in an area can cause difficulty in properly protecting the transmission system.
Transmission line relays must protect for faults anywhere along the line, even during clearance/outage scenarios. If
fault currents in an area are generally low, the outage of a nearby source can significantly reduce the availability of
relay settings that reliably trip for any fauit condition, while simultaneously avoiding trips for any non-fault
condition. Additionally, relay coordination with breakers in surrounding areas may become problematic.

For example, during certain outages in The Wink — Culberson — Yucca Drive Loop, a fault at the remote end of the
radial section may result in fault currents as low as 860 Amperes, which is equivalent to 205 MVA of load at nominal
voltage. Under these conditions, the maximum load that could be reliably served on this circuit must be below 205
MVA since some margin is required to provide secure protection. This amount is not near the capacity of the line
(2,569 Amperes or 614 MVA) and does not meet criteria for system protection requirements. With the FWTP in
place, simulations indicate that fault current may increase to 3,300 Amperes for the same scenarios, which is
equivalent to 788 MVA of load, exceeding the conductor rating and providing sufficient margin for secure
protection.

Figure 10 (next page) shows a color contour map representing the relative short circuit strength in the north part of
FWTP’s area. The regions colored in red, such as The Wink — Culberson — Yucca Drive Loop in the upper left corner
of the diagram, indicate areas with very low short circuit strength. Much of the area is relatively weak, particularly
when compared to areas closer to Odessa EHV and conventional generation, shown in the regions in blue. The
simulations represented in the maps show the scenario with conventional generation in the FWTP’s Area in-service.
The situation becomes more dismal if generation in the area is out-of-service as indicated.

The addition of a strong source, such as the injection of a new 345 kV source, into the FWTP’s area aids in
increasing short circuit strength and stability, particularly when nearby conventional generation is not in-service.
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High Voltage Points-of-Delivery (PODs)

AEP and Oncor continue to receive multiple inquiries from oil and natural gas producers for future high voltage (HV)
interconnections along the transmission lines in the Delaware Basin area. In The Wink — Culberson — Yucca Drive
Loop, customers with existing HV points-of-delivery (PODs) in the area have projected increases in load. Not
included in the projections shown previously in Table 1 are four requests for new customer-owned substations
totaling 45 MW. One potential customer has indicated future development plans in the Delaware Basin near the
FWTP area that includes electrical requirements that could reach as high as 180 MW total.

The FWTP will help to serve additional load growth by providing extra high-voltage transmission service closer to
existing and future customers in the Delaware Basin, where HV PODs can be established. Extending the 345 kV
system into these regions of the Delaware Basin will increase system strength and provide voltage support in an
area where customers frequently experience low voltage problems and strict motor start limitations.

TSP Point-of-Interconnections

Challenges in West Texas with regards to rapid changes in generation interconnections, customer service requests,
system protection, engineering, constructability, operability, outage/clearances and maintainability have
encouraged West Texas TSPs to expand on joint coordination efforts for planning future area needs. As the area
continues to see generation and load additions, joint coordination will be needed to ensure a strong and reliable
transmission system.

AEP and Oncor have performed joint planning to determine optimal solutions that would benefit all parties. As
mentioned previously, AEP and Oncor have immediate needs to rebuild the Yucca Drive — Barrilla Junction 138 kV
Line via the Barrilla Junction Area Improvement Project, however these 138 kV upgrades do not resolve all thermal
issues on the existing 138 kV lines between Barrilla Junction/Solstice and Rio Pecos. Additionally, Oncor has needs
to address the reliability issues in The Wink — Culberson — Yucca Drive Loop.

Texas New Mexico Power (TNMP) has also engaged AEP and Oncor in joint planning discussions in Ward, Winkler,
and Reeves counties. TNMP has indicated expected load increases on their transmission system due to large HV
customers and sees the need for additional upgrades due to potential thermal and voltage issues post-contingency.
TNMP’s system in this area is comprised solely of a 69 kV network with radial circuits branching off at multiple
points and relies on transmission sources from Oncor’s Wink and Permian Basin stations. TNMP has indicated
desires for future HV points-of-interconnection with AEP and Oncor in the area, and would greatly benefit from the
strong injection source that 345 kV provides.

The FWTP will address planning criteria violations and operational issues for AEP, Oncor and TNMP. Additionally a
looped 345 kV line in the area will create additional transmission infrastructure for future points-of-interconnection
between other TSPs. Implementation of a 345 kV source provides for a resilient system that all TSPs in the area can
benefit from and provides for the beginning of a 345 kV loop around the area, that can be expanded to provide
additional lines to the north or east as future needs dictate.
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Operational Flexibility

The lack of operational flexibility when transmission facilities are taken out of service during construction and
maintenance is an increasing problem in West Texas. Due to increasing load levels and uncertain availability of
wind and other generation in the area, the ability to take facilities out of service for scheduled clearances,
maintenance, or testing is limited by voltage and thermal constraints caused by the next contingency. This often
leads to congestion and/or unavailability of clearances.

Numerous elements in the FWTP’s area are noted as High Impact Transmission Elements (HITEs) by the ERCOT
Outage Coordination Improvements Task Force (OCITF). These are transmission elements where outages have
contributed to significant congestion and transmission constraints in recent history. Notable elements include the
Moss Switch 138 kV Bus, Odessa EHV 138 kV Bus, Midland East — Odessa EHV 345 kV Line, Midland East — Moss 345
kV Line, Moss — Odessa EHV 345 kV Line, and the Odessa EHV 345/138 kV autotransformer #3. With many
constraining 345 kV elements in the local area, expansion of the 345 kV system will help strengthen the area to
enable clearances and withstand unplanned outages with fewer congestion concerns.

The FWTP will help strengthen the system voltage and increase the operational flexibility in West Texas, allowing
utilities to upgrade facilities, perform scheduled maintenance and perform testing of their facilities.

Region Long Term Upgrade Path

In addition to providing the best technical solution to support planning standard requirements and maintain a
reliable system today, the need to optimize improvements to adequately meet future needs must be considered.
With limited amounts of transmission infrastructure in areas of far West Texas, new project options to address

reliability issues in a fast changing landscape can be limited.

AEP’s and Oncor’s long range planning analysis considered needs in The Wink — Culberson — Yucca Drive Loop, The
Barrilla Junction Area, and Far West Texas in general for future voltage support, transfer capacity, and load serving
transformers. Future long-term projects that have been identified include:

e Add 345/138 kV, 600 MVA autotransformer at Sand Lake Sw. Sta.

e Add 345/138 kv, 600 MVA autotransformer at Wolf Sw. Sta.

e Add 345/138 KV, 600 MVA autotransformer at Fort Stockton Plant Sw. Sta.
e Add second 345/138 kV, 600 MVA autotransformer at Moss Sw. Sta.

The Far West Texas Project will have built-in upgrade paths to accommodate future growth needs in the region.
This will provide flexibility for future project additions depending on timing of future load or generation increases.
Based on increasing load and future interconnections with other TSP’s in The Wink — Culberson — Yucca Drive Loop,
the Sand Lake 345/138 kV autotransformer can be quickly installed to meet required needs.

In addition to locations where an autotransformer can be instalied relatively quickly, a second 345 kV circuit can be
installed to provide additional transfer capacity in The Wink — Culberson — Yucca Drive Loop and The Barrilla
Junction Area. These upgrades will ensure the proposed solution is a resilient option that can meet future long
range needs in Far West Texas.
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Project Description

AEP and Oncor will coordinate respective portions of the project to support design, construction, and other
activities. The estimated in-service date is 2021 to 2022. This date may change based on uncertainty in the timing
of certification, environmental assessment, land acquisition, critical project status and/or other requirements.
Below are individual descriptions of the pieces of this project:

Odessa EHV - Riverton 345 kV Line (Oncor)

Add a second circuit to the existing 16-mile Moss Sw. Sta. — Odessa EHV 345 kV double-circuit structures. Construct
a new approximately 85-mile 345 kV line on double-circuit structures with one circuit in place, between Moss and
Riverton Sw. Sta. Install 345 kV circuit breaker(s) at Odessa EHV. Connect the new circuit from Riverton Sw. Sta.
and terminate at Odessa EHV to create the new Odessa EHV — Moss — Wolf — Riverton 345 kV Line.

This portion of the project will require the completion of an environmental assessment, alternative route analyses,
certification (CCN) proceedings, and the acquisition of new rights-of-way (ROW). The new line should be routed
near the future Wolf Sw. Sta. near Permian Basin SES to provide for future facility additions. Oncor is requesting
“critical” designation for this line to quickly mitigate the voltage collapse and load loss issue described previously.
Riverton Switching Station (Oncor)

Expand the Riverton Sw. Sta. to install a 345 kV ring-bus arrangement with one 600 MVA, 345/138 kV
autotransformer. Install two 37.5 Mvar (75 Mvar total) shunt reactors on the tertiary of the autotransformer.
Solstice 345 kV Switching Station (AEP)

Expand the Solstice Sw. Sta. to install a 345 kV ring-bus arrangement with one 675 MVA, 345/138 kV
autotransformer. ‘

Riverton - Solstice 345 KV Line (AEP & Oncor)

Construct a new approximately 66-mile 345 kV line on double-circuit structures with one circuit in place from
Riverton Sw. Sta to Solstice Sw. Sta. Oncor will build half the line from Sand Lake and AEP will build half the line
from Solstice.

This portion of the project will require the completion of an environmental assessment, alternative route analyses,
certification (CCN) proceedings, and the acquisition of new ROW. The new line should be routed near the future
Sand Lake Sw. Sta. for future facilities additions.

Lynx 345 KV Switching Station (AEP)
Expand the Lynx Sw. Sta. to install a 345 kV ring-bus arrangement with one 675 MVA, 345/138 kV autotransformer.

Solstice - Lynx 345 kV Line {AEP)

Construct a new approximately 59-mile 345 kV line from Solstice Sw. Sta. to Lynx Sw. Sta. on double-circuit
structures with one circuit in place. The new line should be routed near Fort Stockton Plant for future facilities

additions.
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This portion of the project will require the completion of an environmental assessment, alternative route analyses,
certification (CCN) proceedings, and the acquisition of new ROW.

Lynx - Bakersfield 345 kV Line (AEP)

Construct a new approximately 9-mile 345 kV line from Bakersfield station to the Lynx Sw. Sta. on double-circuit
structures with one circuit in place.

This portion of the project will require the completion of an environmental assessment, alternative route analyses,
certification (CCN) proceedings, and the acquisition of new ROW.

Project Costs

The total cost of these improvements is estimated at $423 million. The approximate station and line works costs
for AEP and Oncor are shown below.

AEP
e Station: $43 million
e Line: $146 million

Oncor
e Station: $17 million
e Line: $217 million
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Figure 11 below shows a depiction of the Far West Texas Project overlay using blue highlighting.
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One-line Diagram

Figure 12 below shows a one-line diagram of the area, where the Far West Texas Project components are dashed.
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Alternative Projects

Both AEP and Oncor considered various options to resolve the identified reliability issues and provide adequate
transmission infrastructure to connect new solar generation and oil and natural gas load. Alternatives to the Far
West Texas Project are various combinations of existing 69 kV rebuilds, 138 kV rebuilds, and numerous large
dynamic reactive devices. While these alternative projects would address local thermal or voltage issues with
varying levels of performance depending on local area generation dispatch and load projections, they have limited
improvement on a the larger scale for providing a strong transmission source and a resilient solution to increasing
system strength in the area.

Providing single radial 345 kV injection points in the Far West Texas Project’s area was considered and would
greatly improve system strength, reliability, and address planning criteria violations. However the first contingency
loss of any new radial 345 kV line or single 345/138 kV autotransformer would negate the benefit of the single 345
kV source. For example, under certain N-1-1 events, whether through planned or unplanned outages, the same
planning criteria issues and subsequent voltage collapse risks in The Wink — Culberson ~ Yucca Drive Loop would
remain. As load increases in the region the ability to take these facilities out for maintenance, testing, or
construction clearances will become increasingly difficult. The most effective solution is a 345 kV loop around the
area that can be established to provide bi-directional capability of the new 345 kV source.

Alternative - Dynamic Reactive Device(s), 138 kV, and 69 kV Upgrades

In order to adequately address the short-term criteria violations found by AEP and Oncor, a combination of many
138 kV and 69 kV rebuilds in addition to new dynamic reactive devices, will be needed. These projects are
estimated to cost $480 million and higher.

With no 345 kV source into The Wink — Culberson — Yucca Drive Loop area of the Delaware Basin, Oncor studies
indicate that 138 kV network expansion, in combination with large dynamic reactive devices, will be required to
support future load growth by helping to provide voltage regulation and enabling adequate power transfer under
reasonable operating scenarios.

Oncor dynamic studies have determined that a large synchronous condenser (300 Mvar minimum) would be
needed in order to address the previously described issues in The Wink — Culberson — Yucca Drive Loop. The
studies show that a Static VAR Compensator (SVC) or a Static Synchronous Compensator (STATCOM) would not
converge for a number of simulations, indicating an insufficiency for mitigating the voitage collapse risks.

Figure 13 below shows a comparison of the voltage responses after the worst N-1-1 contingency in The Wink —
Culberson — Yucca Drive Loop with a 300 Mvar synchronous condenser modeled at Riverton Sw. Sta. In the
simulation, heavy motor load was assumed.
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Figure 13 - Dynamic Voitage Response of Wink ~ Culberson — Yucca Drive Loop for N-1-1 contingency (Heavy Motor Load) — 300 Mvar
Synchronous Condenser

It should be noted that while the voltage in The Wink ~ Culberson — Yucca Drive Loop eventually recovers to normal
operating levels, there are significant voltage oscillations upon recovery. With potential swings of more than 0.2
PU, electrical equipment including those of customers mentioned previously in this report could be at risk. The
required device would likely need to be larger, such as 400 Mvar. Figure 14 below shows the same simulation with
a 400 Mvar synchronous condenser modeled.
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Placing such a large, complex device in an extremely remote area also has significant operational and maintenance
concerns. The area near Riverton Sw. Sta. is extremely remote, and with limited road access and no nearby
population, such a facility would be away from field personnel responding to any planned or unplanned outage,
maintenance, or testing. Re-occurring inspections and maintenance will be required which must also be considered
in the evaluation of installing such a device. The on-going service costs are not included in the alternative estimate.
Additionally, the large size required for a 400 Mvar device will be cumbersome through construction, maintenance,
and testing. Two synchronous condensers would be required for redundancy under contingency loss of the first

device.

While this alternative addresses the initial planning criteria concerns, this option does not increase system strength
and does not provide any strong injection points to the 138 kV system. Additionally, there is no clear upgrade path
with these 138 kV and 69 kV alternatives. Future 138 kV projects including new circuits and additional dynamic
reactive devices will likely be required as load increases on The Wink — Culberson — Yucca Drive Loop, adding to the
future costs of the alternative.

Oncor studies show that if load growth goes beyond current projections in the area, the synchronous condenser
would experience angular instability and the simulation solutions would diverge. Figure 15 below shows the
voltage response under the worst N-1-1 contingency, if load growth on The Wink — Culberson — Yucca Drive Loop
increased above current projections.
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Figure 15 — Dynamic Voltage Response of Wink — Culberson — Yucca Drive Loop for N-1-1 contingency — Synchronous Condenser
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